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PREFACE. 


tr^HE  Ancients^  whilft  they  made  a  pretence  of  flu- 
dying  Philofophy^  and  fear ching  out  the  caufes  of 
natural  things^  had  no  other  method  to  proceed  by^ 
than  forming  hypothetical  conjectures  out  of  their  own 
heads  according  to  their  various  fancies^  without  any 
foundation  in  the  nature  of  things.  And  then  they 
endeavoured  to  defend  their  hypothefes^  by  plaufihle 
arguments  of  wit^  and  the  figures  of  Logic  \  by 
which  they  flattered  themfelves^  they  had  fully  efta- 
hlifhed  their  hypothefes^  and  given  a  true  account  of 
natural  caufes  and  effe£is^  and  that  beyond  the  poffibi- 
lity  of  any  oppofttion.  And  all  this  while  they  had 
not  the  leaf;  thought  of  making  fo  much  as  one  expe- 
riment^ to  confirm  the  truth  of  their  theories ;  which 
is  the  only  poffible  way.  that  any  theory  in  nature 
can  be  eftablifhed.  By  this  means  it  came  to  pafsy 
that  their  philofophy  was  no  more  than  a  philofophy 
of  words  and  empty  founds^  conftfting  of  endlefs  t:rms 
of  art^  without  any  meaning  or  ideas  annext  to  them,. 
And  whilft  they  proceeded  in  this  abfurd  method^  true 
philofophy  was  quite  at  a  ftand^  and  made  no  manner 
of  progrefs  \  and  the  nature  of  things  remained  per- 
feCily  unknown.  Let  any  operation  in  nature  be  pro- 
pofed^  and  they  prefently  had  a  name  for  it  \  and  a. 
few  terms  of  art  were  to  explain  its  nature,,  though 
they  could  not  give  us  the  leaft  notion^  how  or  by  what 
A3  caufes 


il  The    PREFACE. 

caufes  fuch  an  cpration  or  effect  was  brought  about. 
And  thus  they  imagi7ied  they  could  folve  every  diffi^ 
cult y  in  nature^  hy  the  mere  magic  of  founds.  Ex- 
amples of  this  way  of  proceeding  are  endlefs ;  but  there 
is  nothing  in  which  they  have  blundered  more  egre- 
gioujly,  than  in  explaining  the  nature  of  lights  and  the 
manner  of  vifion. 

But  the  moderns  finding  themfelves  no  wifer  by  this 
philofophical  gibberifh^  found  it  neceffary  to  purfue  ano- 
ther method,     ^hey  faw  plainly^  that  the  nature  of 
things  could  never  be  known  without  careful  obferva- 
tion  and  experience ;  therefore  they  fet  about  to  make 
all  the  experiments  upon  anyfubje^l^  that  could  poffibly 
he  made.  By  this  means  they  could  find  out  what  caufes 
could  produce  fuch  and  fuch  effe^s^  what  caufes  and 
effe5ls  were  linked  together^    and  always  accompanied 
cne  another ;  and  what  proportion  they  bore  to  one 
another ,  and  after  they  had  fou7id  thefe  things  in  one 
fubje^^  by  applying  the  fame  method  to  other  fuhje^s 
of  the  fame  kind\  they  could  find  hew  far  thefe  laws 
were  general^  and  agreeable  to  all  of  that  fort.     In 
profuuting  this  method^    it  is  fomid^  that  there  are 
fome  properties  that  belong  but  to  a  few  kinds  of  bo- 
dies^ andfome  that  belong  to  a  great  many  kinds ;  and 
fome  properties  that  belong  iiniverfally  to  all  bodies : 
this  teaches  us  fomething ;  and  the  nature  and  proper- 
ties of  bodies^  thus  found  cut  hy  experiments^  is  called 
Experimental  Philofophy.     By  this  method  cur  great 
Newton,  the  Prince  of  Philofophers^  found  out  the 
nature  of  lights  he  analized  it y' and  dijfolved  it  into 
its  confiituent  particles.     He  has  fhewn  us,  that  light 
■conftfls  of  particles  of  differ e fit  colours,  and  different 
•degrees  of  refrangibility  \  and  that  the  colour  of  each 
ray,  of  it  is  permanent  and  lafiing  -,  and  its  degree  of 
refrafigibility  invariable :    that  the  particular  colour 
_  cf  it  can  never  be  changed  by  any  refrauiion  or  reflec- 
tion.    But  before  that,  Philofopheis  were  all  of  opi- 
nion^  that  light  had  no  diffennce  or  variety  of  its  ccn- 
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ftituent  parts,  but  was  in  its  own  nature,  Jtrnple  and 
uniform',  and  that  colours  were  nothing  but  certain 
modifications  of  the  light,  or  dilatations  of  the  rays, 
caufed  by  reflexions  and  refractions ;  whereas  they  de" 
pend  upon  a  real  feparation  of  the  heterogeneous  rays. 
And  all  optic  writers  were  generally  of  opinion,  that 
the  reflexion  of  light  was  caufed  by  the  particles  there- 
of ftriking  againfl  the  folid  parts  of  bodies,  which  ; 
they  could  not  enter  into,  and  thence  repelled  back  again^ 
like  other  reflected  bodies.  But  Sir  J,  Newton  has 
fhewn,  that  they  are  driven  back  and  refleaed  before 
they  touch  the  body  ;  and  that  by  fome  inherent  power 
in  the  reflecting  body,  which  aCts  at  a  fmall  diftance 
from  its  furface,  in  lines  perpendicular  thereto. 

Who  could  ever  have  thought,  that  the  opacity  of 
bodies  depended  on  their  porofity  \  and  yet  the  fame 
great  Philofopher  has  fhewn,  that  their  opacity  arifes 
from  the  multiplicity  of  reflexions  within  the  pores  of 
bodies,  when  the  particles  are  of  a  determinate  fixe. 
And  the  fame  bodies  become  tranfparent,  when  their 
pores  are  filled  with  a  medium  of  the  fame  denjity  as 
the  particles  of  the  body. 

It  is  now  put  paft  difpute,  that  vifion  is  caufed  by 
the  rays  of  light  entering  the  eye  -,  and  painting  the 
image  of  the  obje5l,  upon  the  retina  at  the  bottom  of 
the  eye.  If  thefe  rays  pafs  thro'  the  fame  medium 
continued  between  the  objeCf  and  the  eye,  then  they 
come  from  every  part  of  the  objeCl  to  the  eye  in  right 
lines ;  then  this  is  called  Dired  Vifion.  iVhen  the 
rays  come  not  direClly  to  the  eye  from  the  qhjeCf,  but 
fall  upon  fome  polifhed  body,  and  are  reflected  from 
thence  to  the  eye,  in  which  they  form  the  image  of 
that  objeCl  •,  then  this  fort  of  vifion  is  called  Reflex 
Vifion.  Here  the  eye  properly  Jees  the  image  caufed 
by  the  reflexion,  and  not  the  objeCi  it f elf,  A  body 
muft  be  truly  polifhed  to  give  a  perfect  image  by  re- 
flection  \  for  a  rough  uneven  furface  fcatters  the  rays, 
that  they  make  no  image,  or  a  very  deformed  one.  If 
A  4  tht 
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ibe  rays  paffing  from  the  obje5i  to  the  eye^  go  thro*  dif- 
ferent mediums^   as  air^  water^  g^^fit  *^^-  then  the 
rays  will  be  refracted  at  entering  a  different  medium^ 
and  come  to  the  eye  in  other  right  lines^  -of  different 
direSfion  from  the  former  ;  and  this  is  called  Refrac- 
ted Vifion.     So  that  there  are  three  different  cafes  of 
vifion^  whereby  objects  may  befeen\  and  thefe  make 
three  diJiinSi  parts  of  the  fcience  of  Optics  ;  of  which 
the  firft  is  themoflftmple^  and  the  laft  the  mofi  complex. 
Since  we  find  the  properties  of  light  to  agree  with 
the  known  properties  of  body^  we  cannot  fuppofe  light 
to  be  any  thing  elfe  but  a  body^  conjijling  of  exceedin-g 
ftn all  particles ;  which  are  continually  fhaken  off  by  the 
vibrating  motion  of  the  luminous  body^  and  expelled  by 
the  ref  client  power  thereof^  with  incredible  velocity  from 
it  in  all  directions »     Some  of  which^  by  their  exceeding 
fmallnefs  and  tenuity  ^  go  thro*  every  point  offpace, .  Some 
cf  thefe  enter  our  eyes^  whofe  texture  and  conftruMon 
is  properly  adapted  thereto^  and  do  there  by  their  mo- 
tion excite  vibrations  in  the  optic  nerves y  by  which  we 
have  the  fenfation  of  feeing '^   and  by  the  wonderful 
ftrutlure  of  our  eyes^  give  us  certain  intelligence  of  ob- 
jects exifting  without  us^  and  their  affeClions^  fuch  as 
their  fize^  form,  colour ^   motion,  and  even  their  dif 
tance :  fo  that  vifion  is  not  made  at  random,  but  is 
performed  by  certain  uniform  and  fteady  laws. 

It  appears  by  experiment,  that  light  confifts  of  parts 
loth  fucceffive  and  contemporary.  For  one  may  flop 
that  which  comes  one  moment,  and  let  that  pafs  which 
comes  the  next.  One  may  alfo  ftop  it  in  one  place,  and 
let  it  pafs  in  another.  And  the  part  that  is  ft  opt  can- 
not be  the  fame  with  the  part  that  is  gone  paft. 

As  vifion  is  the  moft  ufful,  as  well  as  the  moft  de- 
lightful fenfe  we  have ;  fo  that  fcience  which  teaches 
the  improvement  and  perfection  of  this  fenfe,  muft  be 
the  moft  valuable  of  any,  and  that  is  Optics,  zvhich 
not  only  explains  the  manner  of  vifion,  but  from  the 

fame 
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fame  principles  teaches  how  tofupply  a  proper  help  for 
bad  eyes  ^  and  to  remedy  the  fever  al  defers  of  our  fight ^ 
hy  the  help  of  proper  inftruments  contrived  according 
to  the  rules  of  this  art^  fuch  as  fpe^acles^  reading 
glaffes^.  telefcopes^  microfcopes^  ^c,  and  to  this  art  is 
Gwing  the  invention  of  fever  al  inflruments^  which  hy 
curious  and  furprizing  operations^  give  us  the  moft  ex- 
quifite  delight ;  fuch  as  the  camera  ohfcura^  the  magic 
lanthorn^  the  perfpe5five  views  of  countries^  &c.  fo 
that  it  is  a  fcience  of  infinite  pleafure  as  well  as 
profit. 

Were  there  no  other  ufe  of  Optics^  hut  the  contri- 
vance of  fpeBacles^  to  help  the  eyes  of  old  men  and 
purhlind  people  \  yet  that  alone  would  he  fufficient  to 
recommend  the  fiudy  of  it.  Of  what  infinite  advan- 
tage are  thefe  to  mankind^  not  one  in  a  thoufand^  hut 
what  has  need  of  their  help^  at  fome  time  of  life^  ef- 
pe daily  in  old  age.  For  as  the  fight  is  the  moji  noble 
and  moft  extenfive  of  all  our  fenfes  •,  and  as  we  can  go 
ahout  no  concerns  in  life  without  making  ufe  of  our 
eyes  •,  certainly  the  inftrument  muft  h^  the  moft  valuable., 
which  relieves  the  decayed  eyes^  and  cures  their  defe^s^ 
and  makes  them  ufeful^  and  without  which^  they  would 
he  almcft  ufelefs,  'They  are  certainly  in  a  miferable 
condition  that  have  the  two  windows  of  the  foul  fhitt 
up^  and  are  obliged  to  live  in  perpetual  darknefs.  And 
fuch  as  have  them  partly  ohfcured^  partake  of  the  f am e^ 
mi f cry  in  fome  degree.  How  miferable  would  the  latter 
part  of  mer^s  lives  he^  if  there  were  no  fuch  thing  as 
fpet'tacles\  and  how  tedious  muft  the  lives  of  old  peo- 
ple have  been  before  their  invention.  Without  them 
a  mechanic  grown  old  could  not  follow  his  bufinefs^  fuch 
as  wauhmakers^  engravers.,  &c,  nor  a  fchclar  con- 
verfe  with  his  books ^  or  with  his  friends  by  letter. 
So  that  this  curious  invention  cannot  be  too  highly 
valued. 

Gur 
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Our  natural  Jight  is  confined  to  very  narrow  views ^ 
and  tho'  it  is  very  extenjive^  yet  fome  ohjeSls  at  a  dif- 
tance  are  fcarce  perceptible^  while  others  more  remote^ 
cannot  he  feen  at  all.  Here  then  we  have  the  advan- 
tage of  tele/copes^  by  which  we  can  behold  very  re- 
mote objects  very  clearly  %  thus  we  can  have  a  full 
view  of  the  heavenly  bodies^  and  by  that  means  un- 
derjiand  the  wonderful  mechanifm  of  the  world  -,  with- 
out this  infirumenty  all  thefe  charming  fcenes  of  na- 
ture ^  fo  far  difiant^  would  be  hid  from  us.  This  no- 
ble inftrument  then  can  never  be  fufficiently  recom- 
fnended.,  that  has  opened  a  way  for  our  difcoveries  in 
the  heavens  J  which  could  never  be  known  by  any  other 
means.  By  this^  the  whole  fyftem  of  nature  is  laid 
open  to  our  view.  By  this  we  find  the  fun  to  be  a 
great  globe  of  fire  \  that  the  planets  revolve  about 
him ;  and  that  from  their  different  phafes^  they  have 
no  light  but  what  they  receive  from  him.  By  the 
dark  fpots  upon  their  furfaces^  are  found  the  times  of 
rotation  round  their  axes.  The  fame  inftrument  has 
given  us  intelligence  of  the  fatellites  of  Jupiter  and 
Saturn,  which  move  round  thefe  planets,  in  thtir  fxt 
periodic  ti'mes  -,  a  thing  utterly  unknown  to  the  an^ 
cients.  And  thefe  are  of  great  ufe  for  determining  the 
longitude  j  and  from  thence  the  motion  of  light  has 
been  proved.  Saturn" s  ring  is  another  difcovery  owing 
to  the  telefcope.  The  motion  of  all  the  heavenly  bo- 
dies, their  diftances  and  magnitudes  have  been  hereby 
found  out.  The  immense  diftance  of  the  fixt  ftars  is 
proved  by  the  telefcope  -,  and  by  this  we  difcover  aU 
moft  an  infinite  number  of  ft.ars  more  than  can  be  feen 
with  the  naked  eye.  Likewife  all  that  has  been  dif- 
cover ed  of  the  comets  is  owing  to  the  ufe  of  the  telef- 
cope. And  by  it  the  tim.es  of  the  beginning  and  ending 
of  eclipfes  are  exa^ly  deterfjtined,  with  many  other 
things  of  like  nature,  equally  aftonifhing  and  curious. 
The  advancement  of  aftronomy  is  wholly  from  the  ufe 
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cf  the  telefcope.  Telefcopes  may  he  alfo  ufefully  em- 
ployed  upon  the  earth.  The  merchant  may  at  a  great 
dijiance  difcern  his  jhips  upon  the  fea,  'The  feaman 
may  fee  the  enemies  Jhips  at  a  defiance  \  or  he  may  fee 
land  from  the  mafi  head^  Jong  before  he  comes  at  it. 
Generals  may  furvey  4he  army  of  his  enemy ^  or  his 
own.  And  any  man  may  take  a  view  of  dijiant  towns^ 
cities^  buildings^  trees^  and  other  objects  in  the  coun- 
try^ efpecially  when"  he  is  feated  on  a  high  place, 
Thefe  are  noble  difcoveries  of  the  telefcope-,  which^ 
if  it  had  been  known  to  the  ancients^  would  have  put 
an  end  to  all  their  doubts  and  difputes  about  the  folar 
fyftem. 

If  a  telefcope  be  fixed  in  a  certain  pofition^  and 
thro*  it  we  fee  the  top  of  a  tower^  l£c,  at  noon^  we 
fh all  fee  the  lower  part  of  it  at  nighty  or  in  the  morn- 
ing, owing  to  a  greater  refra5lion  at  morn  and  flight. 

The  microfcope  dif covers  to  us  another  world  of  wo7i- 
ders.  And  here  our  contemplations  may  be  enflefs,  all 
bodies  we  look  at,  fhewing  us  fuch  curious  contexture 
of  parts,  and  affording  fuch  admirable  appearances, 
and  fuch  glorious  colours,  as  cannot  be  well  conceived 
without  feeing  them. 

The  very  f mall  parts  of  bodies  cannot  be  diflinguifJo- 
ed  by  the  eye,  they  fubtend  am  angle  fo  very  fmall  \ 
and  if  they  are  brought  nearer  to  fubtend  a  greater 
angle,  they  come  without  the  limits  of  diftintl  vifion. 
For  the  eye  cannot  contrail  it f elf  further  than  for  an 
object  at  4  inches  dijtance  to  appear  diftinol'.'  If  it  is 
brought  nearer,  it  will  appear  confufcd-,  and  the 
more  confufed,  the  nearer  it  is.  This  cofifujion  may 
be  prevented  either  by  looking  thro*  a  hole  in  a  thin 
plate  of  lead,  whofe  aperture  muft  be  the  lefs,  the 
nearer  the  object  is  -,  or  elfe  by  interpofing  a  microf- 
cope glafs,  between  the  objeSl  and  the  eye,  to  look  thro"*. 

To  mention  in  particular  fome  difcoveries  made  by 
the  microfcope.     Thejkin  of  a  human  body  is  compof 
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ed  of  fever al  f coles  lying  over  one  another ;  between 
thefe  layers  of  fcales  the  excretory  du5is  appear^  thro* 
which  we  perfpire  -,  there  are  about  500  (?/  thefe  du5ls 
for  one  fcale^  and  ^^o  fcales  are  but  equal  to  a  grain 
of  fand,  The  particles  of  duft  flying  out  of  the  pufl 
hall^  are  perfect  fpheres  of  an  orange  colour^  and 
their  diameters  not  above  ^-V  of  an  hair's  breadth. 
"The  circulation  of  the  blood  is  feen  by  the  microfcope^ 
in  the  fins  and  tales  of  fifhes^  and  the  feet  of  frogs^ 
and  the  infertion  of  the  veins  and  arteries  made  viji- 
hle.  Hence  alfo  may  be  feen  the  armour  of  the  flea^ 
the  fnout  of  the  tick^  the  briflles  of  the  mite^  the  mo- 
tion of  the  mufcles,  and  the  pulfe  in  a  loufe.  Many 
imperceptible  animals  may  be  feen  with  this  infirument^ 
in  green  weeds ^  which  grow  in  water ^  and  infianding 
water  ;  in  the  hollow  of  the  cabbage  and  teazle  \  and 
fwarms  of  them  in  the  water  that  drains  from  a 
horfe  dunghill ;  [mall  animals  lodged  in  the  fcabs  of 
fuch  as  have  the  itch.  It  would  be  an  infinite  labour 
to  mention  all  the  wonders  that  this  little  inftrument 
fhews  us, 

'Thus  it  appears^  thai  Optics  is  not  oHly  a  fcience  of 
the  moft  extenfive  ufe^  but  likewife  of  the  greateft  plea- 
fure  and  delight,  A  great  many  things  in  phitofophy 
can  neither  be  underjtood  nor  profecuud  without  the 
knowledge  of  Optics.  This  gives  an  account  of  Lights 
Colours^  Opacity.,  Tranfparency^  Brightnefs^  Faintnefsy 
&'c.  The  fame  fcience  alfo  accounts  for  the  appearances 
of  m^eteors^  the  Tlainbow^  Coronas.,  Parahelicn''s^  Pa- 
rafelene's ;  //  gives  account  of  the  nature  of  Jeeing  ; 
without  it  nothing  can  be  done  in  aftronomy.  Optics 
alfo  brings  forth  FerfpeEiive.,  in  which  every  rule  of 
it  is  founded. 

Spectacles  were  not  found  out  till  the  beginning  of 

the  iph  century.     For  the  ancients  had  no  knowledge 

of  optic  glaffeSi  ^^  is  evident  from   their   univerfal 

filence  in  this  matter.     Not  one  of  them  giving   the 
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leaft  hint  thereof.  And  without  doubt  an  invention  of 
filch  univerfal  ufe  to  the  world  could  never  he  conceal- 
ed. But  the  ufe  of  Jingle  glajfes  was  known  300  years 
before  men  underftood  how  to  combine  them  in  telefcopes. 
They  knew  nothing  of  the  advantage  the  eye  received 
thereby^  by  increafing  its  power  fome  thoufa,nds  of  times 
beyond  its  natural  abilities.  For  telefcopes  were  not 
invented  till  abotit  the  year  1 600,  7ior  microfcopes  till 
10  or  12  years  after* 

Many  effe^s  produced  by  optic  glaffes  feem  wonderful 
and  furprizing,  A  multitude  of  objects  feem  diffufed 
thro''  a  large  fpace  where  there  is  no  fpace  ;  and  obje^is 
feem  hanging  in  the  air^  where  upon  trial  we  can  feel 
nothing,  Objebls  appear  fofnetimes  greater^  and  fome- 
times  lefs  than  they  are  -,  and  fometimes  pretty^  and 
fometimes  deformed.  And  they  that  underfland  the 
principles  of  Optics  and  Perfpe5live^  eaftly  underfland 
the  reafon  of  thefe  phenomena.  Optics  alfo  tends  to 
free  the  mind  from  fever al  prejudices  it  had  imbibed ; 
and  when  glaffes  are  at  hand  to  demonftrate  their  effe5is 
hy  experiment y  it  gives  a  vaft  pleafure  to  the  mind^  to 
fee  the  Theory  and  FraElice  agree.,  and  at  once  con- 
firms us  in  the  truth  of  the  Principles,  And  thefe 
experiments  infinuate  to  us,  the  great  affinity  there  is 
between  reafon  and  experience  *,  a  matter  of  the  great- 
eji  confequence  in  all  kinds  of  fcience ;  as  fuch  an  agree- 
ment conduces  more  than  any  thing  elfe^  to  the  certain- 
ty thereof y  by  freeing  the  mind  from  all  doubt^  and 
fixing  a  firm  affent  therein. 

From  what  has  been  faid^  and  many  more  things 
that  might  be  faid^  appears  plainly  the  excellency  of  the 
fcience  of  Optics^  and  its  great  ufe  to  mankind  above 
all  others  \  and  how  necejjary  it  is  for  us  to  be  acquaint- 
ed with  it,  to  let  us  into  the  fecrets  of  nature,  not 
only  in  regard  to  the  grand  fabric  of  the  whole  univerfe^ 
hut  likewife  to  the  moji  minute  and  imperceptible  parts 
of  it. 

As 
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As  to  this  ^reatife^  I  have  handled  the  three  dif- 
ferent parts  of  the  fcience  dijlin5lly ;  and  treated  of 
each  of  them  as  clearly  as  I  could  \  and  in  as  floor t  and 
concife  a  manner^  as  I  could  think  on  \  and  have  de- 
monfirated  all  the  principles  in  a  fhort  way^  and  in  a 
method  very  natural  and  plain-,  omitting  nothing  that 
1  could  think  conducive  to  the  advancement  of  this 
fcience,  or  4ould  find  in  the  mofl  approved  authors. 
And  in  the  laft  hook  have  defcrihed  fever al  optical 
injlruments,  and  demonjirated  their  powers  and  effe^s^ 
which  I  hope  will  be  acceptable  to  the  reader. 


W.  Emerfon^ 
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DEFINITIONS. 

D  E  F.      i. 

fyP^ICS^  is  a  fcienee  which  teaches  the  nature 
of  vifion ;  and  of  every  thing  relating  to  the 

D  E  F.     11. 

A  Ray  of  light,  is  an  extremely  frnall  part  of  it 
moving  in  a  right  line^  or  otherwife* 

D  E  F.     liL 

A  Beam  of  light  is  a  fenfible  part  of  it,  confift- 
tng  of  a  great  number  of  rays* 

D  f;  f.    IV. 

A  Pencil  of  rays,  is  a  portion  of  light  of  a 
conical  form,  proceeding  from  a  point,  or  elfe 
tending  to  a  point. 

D  E  F.     V. 

Parallel  Rays,  are  fuch  as  run  in  parallel  di- 
re6tions  ;  and  converging  rays^  are  thofe  that  tend  to 
a  point',  and  diverging  rays,  are  fuch  as  proceed 
from  a  point. 

D  E  F.     VL 

A  Medium,  is  whatever  the  rays  of  light  pafs 
thro',  as  water,  oil,  gl^^fs,  air,  or  any  tranlparent 
body ;  and  even  a  vacuum, 
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D  E  F.      VII. 

Reflexion^  is  when  a  ray  of  light  flies  ofF  from 
the  furface  i^  falls  upon,  without  entering  into  it. 
D  E  F.     VIIL 

Refra5fion^  is  the  bending  or  breaking  of  a  ray 
of  light,  where  it  goes  out  of  one  medium  into 
another. 

D  E  F.      IX. 

The  Angle  of  Incidence,  is  the  angle  made  by 
the  incident  ray,  and  the  perpendicular  to  that 
point  of  the  furface  on  which  the  ray  falls. 

D  E  F.       X. 

The  Angle  of  Reflexion,  is  the  angle  compre- 
hended between  the  refle<5ted  ray,  and  the  per- 
pendicular on  that  point  of  the  furface,  on  which 
it  falls. 

D  E  F.     XI. 

The  Angle  of  RefroMon,  is  the  angle  which  the 
refraded  ray  contains  with  the  perpendicular  to  the 
refrading  furface,  at  the  point  of  incidence.  And 
xht  refraded  angle,  is  that  contained  between  the 
incident  and  refradled  rays. 

D  E  F.      XII. 

The  Focus,  is  a  point  in  which  all  the  refledted 
or  refraded  rays  meet  together.  The  point  from 
which  the  rays  feem  to  diverge,  is  called  the  vir- 
tual Focus.  The  point  to  which  parallel  rays  arc 
refleded  or  refraded,  is  xh^  principal  Focus, 
D  E  F.     XIII. 

The  focal  Diflance,  is  the  dillance  of  the  focus 
from  the  refleding  or  refrading  furface.-    This  ge- 
nerally relates  to  the  principal  focus. 
D  E  F.     XIV. 

Conjugate  Foci,  are  two  fuch  points,  that  either 
of  them  being  the  radiant  point,  the  other  will  be 
the  focus. 
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Fig. 

BOOK     I. 

O/' Direct  Vision,  and  fuch  Pro^ 
ferties  of  Lights  as  are  deduced 
from  Experiments. 

■<ii.-"  '      ■  ' '" 

PROP.      I. 

TT/'HE  N  the  eye  views  many  ohje5fs  at  great  dif- 
tances,  it  refers  all  their  places  to  the  fur  face  of 
0  fphere,  whofe  center  is  the  eye  itfelf 

For  as  far  as  an  eye  can  fee  diftindly  in  any 
one  direction,  fo  far  it  can  fee  in  any  other  direc- 
tion, if  not  hindered  by  intermediate  bodies  ;  and 
this  it  can  do  quite  round.  Hence,  when  the  ob- 
je6ts  we  look  at,  are  at  great  diflances,  it  is  natu- 
ral to  fuppofe  them  at  equal  diflances.  For  under 
equal  circumftances,  nothing  appears  to  make  one 
diftance  to  be  judged  greater  than  another.  There- 
fore we  take  the  fimpleil  way^  and  fuppofe  them 
all  equidiftant,  or  confider  theiH  as  fo.  Whence 
thefe  diflances  being  all  equal  or  fuppofed  equal, 
and  all  proceeding  from  one  point,  it  it  plain 
they  are  the  radii  of  a  fpherical  furface,  whofe 
center  is  that  point.  That  is,  the  eye  places  all 
thefe  objeds  in  the  furface  of  a  fphere  whofe  cen- 
ter is  the  eye  itfelf. 

Cor.  I  The  eye  is  always  placed  in  the  center  of 
its  own  view. 

Cor.  2.  Any  portion  of  the  heavens  which  falls 
under  our  view,  appears  as  the  portion  of  the' concave 
furface  of  a  fphere, 

B  2  Cor. 


4  DIRECT     VISION. 

Fig.  Cor.  3.  When  we  look  at  the  fun^  moon^  and  ftars', 
or  even  at  the  clouds  -,  they  appear  to  us  to  he  fituated 
in  the  furface  of  one  and  the  fame  fphere. 

For  thefe  objeds  being  beyond  the  extent  of 
diilin£i:  vifion,  therefore  the  eye  cannot  judge  of 
their  true  diilances.  Therefore  they  will  appear 
to  us,  as  all  fituated  in  the  furface  of  the  fame 
fphere,  and  fo  equally  diflant.  Tho'  they  be  real- 
ly at  different  diftances  from  us. 

Cor.  4.  Hence  if  the  eye  was  to  have  a  full  view^ 
from  any  place  on  the  furface  of  the  earth-,  it  could 
fee  no  more  than  a  hemi fphere. 

For  the  horizon  cuts  off  the  other  hemifphere  ^ 
and  the  body  of  the  earth  below  that,  hinders  us 
from  feeing  any  thing  at  a  great  diilance. 

Cor.  5.  ^he  eye^  keeping  a  fixed  pofition^  can  fee 
no  more  ohjeBs  than  are  contained  in  a  hemifphere  ly- 
ing direSlly  before  the  eye^  nor  quite  fo  much. 

For  if  the  bafe  of  this  hemifphere  is  fuppofed 
to  touch  the  pupil  of  the  eye  \  no  rays  can  enter 
below  that  bafe ;  nor  even  in  the  plane  of  this 
bafe  or  near  it,  to  caufe  any  diftind  vifion. 

PROP.      II. 

Such  rays  as  enter  the  eye  perpendicularly^  have 
the  great cfi  power  to  caufe  dijlin^  zifion. 

This  is  matter  of  obfervation.  And  it  is  plain 
that  rays  that  are  oblique  have  lefs  force  to  pro- 
,duce  their  effeds  ;  and  may  be  fo  oblique  as  to 
produce  no  fenfible  etfed  at  all.  Therefore  thole 
rays  that  are  mod  dired,  are  moil  efficacious  in 
caufing  vifion  ;  as  they  will  fall  perpendicularly 
upon  the  retina,  at  the  bottom  of  the  eye.  And 
by  thefe  the  image  of  any  objed  will  be  painted 
moil  diflindly  upon  the  retina. 

Cor. 
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Cor.  Hence^    we  fee  ohjeBs  the  moft  dijlin5lly^  Fig. 
wMch  are  dire^ly  before  our  eyes. 

This  is  plain  from  this  Prop.  And  is  confirmed 
by  experience,  as  is  evident  by  our  turning  our  eyes 
diredly  to  the  objedt ;  or  from  one  part  of  an  ob- 
jedl  to  another,  in  order  to  fee  it  clearer. 

PROP.      III. 

An  ohje5i  appears  greater  or  lefs^  according  as  it   i . 
is  feen  under  a  greater  or  leffer  angle. 

Let  KQa  be  the  axis  of  the  eye ;  AB,  DE  two 
equal  objeds.  To  the  eye  at  C,  draw  BC^,  and 
EC^.  Then  the  objeiSb  BA  appears  under  the  an- 
gle BCA,  or  hca^  and  ED  under  the  angle  ECD 
or  eQa,  But  eQa  is  greater  than  hQa\  and  ae 
greater  than  ah.  But  ae^  ah  are  the  appearances 
or  pictures  of  the  objedls  DE,  AB,  upon  the  re- 
tina. Therefore  the  former  appears  greater  than 
the  latter. 

Cor.  I .  'Hhe  diftance  between  two  objeEts  A  and  B, 
appears  to  be  greater  as  the  diflance  of  the  fpeMator 
is  lefs. 

For  at  the  diftance  CD,  the  diftance  of  the  ob- 
jeds  appears  under  the  angle  ECD  or  eCa,  And 
at  the  diftance  AC,  it  appears  under  the  angle 
BCA  or  hQa, 

Cor.  2.  ^he  apparent  linear  magnitude  of  an  ob- 
je5l  AB,  is  reciprocally  as  the  diftance  CA. . 

For  AB  appears  no  greater  than  DF.  But  DF : 
DE  or  AB  J  :  CD  :  CA.  That  is,  the  apparent 
magnitude  of  AB  :  apparent  magnitude  of  DE  :  i 
CD  :  CA. 

Cor.  3.  'Hhe  fuperficial  apparent  magnitude  of  an 
4ihje5t^  is  reciprocally  as  thefquare  of  the  diftance, 
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Fig.  For  the  apparent  hights  will  be  reciprocally  as 
I.  the  diftance.  And  for  the  fame  reafon,  the  appa-- 
rent  breadths  will  alfo  be  reciprocally  as  the  dif- 
tance.  Therefore  the  apparent  furface  compound- 
ed of  thefe,  will  be  reciprocally  as  the  fquare  of 
the  diftance. 

Cor.  4.  A  ferfon^  efpecially  at  great  diftancesy 
judges  that  ohje5i  to  be  great  eft  ;  which  appears  under 
the  great  eft  angle. 

For  nature  always  takes  the  eafieft  way ;  and  it's 
eafier  to  fuppofe  things  at  the  fame  diftance,  than 
at  different  diftances,  when  nothing  appears  to  the 
contrary.  And  at  equal  diftances,  a  greater  objedt 
will  appear  under  a  greater  angle. 

PROP.      IV. 

An  ohje^  appears  fituated  in  that  place^  from  which 
the  rays  laft  oft  all  diverge.,  in  coming  to  the  ftpeStatof  s 
eye. 

For  by  frequent  experience,  a  man  alwaiys  finds 
an  object  fituated  in  that  place  from  which  the 
rays  diverge,  and  come  diredly  to  his  eye.  And 
being  ufed-  to  this,  he  judges  fo  always.  For  if 
the  rays  had  been  brought  there  by  reflexion  or  re- 
fraction, they  make  the  fame  pidure  in  the  bot- 
tom of  the  ey€  as  if  they  had  come  diredtly  from 
that  place.  And  all  vifion  being- performed  by  the 
pictures  upon  the  retina ;,  when  thefe  are  alike,  we 
rnuft  judge  the  fituation  of  the  objeCl  to  be  alike. 
Thus  an  object  which  appears  by  reflexion  in  a 
IpQking  glafs  appears  behind  the  glafs  \  and  an  ob- 
jed  feen  thro'  a  fpedlacle  glafs  appears  further  off. 
And  a  ftiilling  in  the  bottom  of  a  veflel  of  water 
appears  higher,  and  the  water  appears  fhallower, 
than  it  k    - 

FROP- 
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PROP.      V. 

From  every  point  ^f  a  luminous  ohje5f^  the  rays  of 
light  diverge^  and  flow  every  where  in  right  lines ^ 
thro'  the  fame  medium. 

For  5f  the  rays  do  not  flow  from  every  part  of 
the  obje6t,  filch  parts  as  have  none  flowing  from 
them  cannot  be  vifible,  fince  nothing  can  be  feen, 
without  light,  either  innate  or  refle&ed.  And  it 
flows  in  all  manner  of  dire6lions,  becaufe  in  any  fi- 
tuation  of  the  eye  the  fame  part  of  the  objeft  ap- 
pears and  may  be  feen.  And  being  vifible  in  all 
fituations,  the  light  muft  flov^  in  all  diredioris. 
And  it  muft  flow  in  right  lines  in  the  fame  medi- 
um, for  no  reafOn  can  be  given  why  it  fliould  de-^ 
viate  more  to  one  fide  than  another.  Experiments, 
likewife  confirm  that  it  moves  in  right  lines, 

Cor^  I.  No  rays  of  light  are  naturally  converging  \ 
iut  always  diverge. 

For  the  rays  are  proje6i:ed  from  bodies,  or  the 
parts  of  bodies  ;  whether  the  light  is  innate  or  not ; 
and  therefore  naturally  diverge.  When  they  con- 
verge, they  are  made  to  do  fo  by  art,  by  means 
of  glafles,  as  mirrors,  lenfes,  &c. 

Cor.  2.  Rayj  that  fhew  things  far  difiant^fall  up- 
§n  the  eye  parallel.  And  to  fhew  things  near  hand^ 
they  diverge  from  a  point  *,  which  to  caufe  diftin^i  vi- 
Jion^  ought  to  have  a  proper  diftance,  as  6,  8,  t'^ 
inches^  ^c,  or  as  near  as  the  eye  will  permit. 

Cor.  3.  And  therefore  to  make  an  obje5l  feem  at  a 
great  difiance  \  the  rays  flowing  from  each  point  of  it 
ought  to  he  brought  parallel  to  the  eye. 

This  is  to  be  done  \yj  the  help  of  proper  glafles  j 
and  then  art  will  imitate  natur^;. 
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Fig. 

P  R  O  P.      VI. 

2»  ne  denjity  of  rays  flowing  from  an  ohj.e5f^  or  any 
part  of  an  qhjedt  \  is  reciprocally  as  the  fquare  of 
the  dijiance. 

Let  the  rays  flow  from  A,  and  fall  upon  the 
plane  BC  -,  then  taking  the  plane  BC  away,  let  the 
fame  light  fall  on  any  other  plane  DE,  which  is 
done  by  producing  the  lines  AB^  AC,  to  E)  and 
E.  Then  the  area  of  the  furface  BC,  is  to  the 
area  of  the  furface  DE ;  as  B,C*  to  DE^ ;  or  as 
AB'  to  AD\  Let  s  be  any  fmaU  fpace,  /  the 
quantity  of  light  contained  in  DAE.     Then  BC*  : 

s  :  :  I  :  gpi  =:  the  number  of  rays  on  the  fpace  j. 

Is 
at  the  diftance  AB.     And  DE*  :  s  :  :  I :  ggi  = 

number  of  rays  on  the  fpace  s,  at  the  diftance  AD. 
And  the  denfity  of  light  being  as  the  number  of 
rays  j  it  will  be,  denfity  of  light  at  B  :  dei;ifi,ty  of 

light  at  D  : :  g^  :  ^^ :  :  DE* :  BC* : :  AD* :  AB*. 

Cor.  I.  ^he  quantity  or  intenftty  of  lights  flowing 
from  a  luminous  ohjeU^  is  reciprocally  as  the  fquare  of 
the  diflancey 

Cor.  2.  ^he  hrightnefs  of  an  oljeEt^  is  the  fame' 
at  all  difiances  from  the  eye ',  if  none  of  the  rays  be 
■  flop  by  the  way. 

For  the  brightnefs  is  th^  fame,  when  the  fame 
quantity  of  light  falls  upon  the  fame  quantity  of 
the  retina,  in  the  eye;  or  when  the  denfity  of 
light  on  the  retina  is  the  fame.  But  the  denfity  of 
light  falling  on  the  pupil,  or  the  quantity  of  light 
falling  on  it^  is  reciprocally  as  the  fquare  of  the 

diftance. 
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diftance.  And  (III.  Cor.  3.)  the  apparent  magni-  Fig. 
tude  of  the  objedt  is  reciprocally  as  the  fquare  of  2, 
the  diftance.  Therefore  the  quantity  of  light  on 
the  pupil,  is  as  the  apparent  magnitude  of  the  ob- 
jeft,  that  is,  as  the  fpace  taken  up  on  the  retina. 
Therefore  the  quantity  of  light  being  as  the  fpace 
taken  up,  its  denfity  is  given;  and  therefore  the 
brightnefs  is  given,  or  remains  the  fame. 

Cor,  3.  Hence  the  faintnefs  of  remote  ohje^fs  is 
awing  to  the  denfity  and  opacity  of  the  atmofphere, 
which  flops  a  great  part  of  the  lights  in  coming  to  the 
.(ye. 

PROP,      VII. 

If  a  room  he  made  quite  dark^  and  a  fmall  hole  in  Z" 
the  window  fhut  he  made,  7 he  ohje^s  out  of  the 
houfe  heing  ftrongly  illuminated  \  the  rays  proceeding 
from  them.,  thro'  the  hole,,  will  form  their  pictures  on 
a  paper.,  or  on  the  oppofite  wall.,  in  their  proper  co- 
lours \  hut  in  an  inverted  pofition. 

Let  PQR  be  the  dark  room,  F  the  hole  in  the 
window  fhut,  ABCD  an  obje<5l  without.  The  rays 
proceeding  from  the  top  A,  in  the  right  line  AF, 
will  forrn  its  image  at  a  towards  the  bottom  of 
the  wall.  And  the  rays  proceeding  from  the 
bottom  C,  in  the  line  CF,  will  paint  its  image 
at  the  top  c,  Likewife  the  rays  proceeding  from 
the  left  B,  in  the  line  BF,  will  make  the  image 
pf  B  on  the  right  hand  at  b.  And  thofe  proceed- 
ing from  the  right  hand  D,  in  the  line  DF,  will 
fornri  its  image  on  the  left  at  d.  Likewife  all  the 
rays  proceeding  from  the  line  AC,  will  form  its 
image  ac.  And  thofe  from  BD  will  make  its  image 
hd.  And  the  like  for  any  other  objed  expofed  to 
the  hole  F, 

Cor. 
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Fig.  Cor.  I.  If  the  hole  F  he  very/mail^  the  piBiiret 
^.  H^ill  he  very  diftinU^  hut  hardly  vifihle  for  want  of 
light.  And  if  the  hole  he  large ^  the  pihures  will  he 
hrighter^  hut  not  diftin5f.  'To  remedy  thefe  things^  a 
hroad  convex  lens  of  a  proper  focus^  mufi  he  placed  in 
the  hole  made  wide  enough  to  receive  it. 

Cor.  2 .  If  an  ohje5l^  too  near  the  eye^  appear  con- 
fufed',  it  may  he  feen  clearly  thro^  a  hole  made  in  a 
piece  of  paper  with  a  ,pin^  and  put  clofe  to  the  eye, 
^hen  it  will  appear  difiinEl^  and  in  its  true  pojition. 

This  is  upon  the  fame  principle.  For  if  the 
hole  is  fmall,  the  rays  flowing  from  all  the  points 
of  the  obje6l,  will  fall  upon  as  many  diftiad 
points  of  the  retina ;  and  make  a  diftind  picture. 

Cor.  3.  But  if  the  paper  with  a  fmall  hole  in  ity 
he  held  at  a  fmall  diftance^  and  a  needle  held  clofe  t» 
the  eye^  or  any  way  hetween  the  eye  and  the  paper  j 
it  will  appear  inverted^  and  magnified. 

The  reafon  of  this  is,  that  the  rays  crofling  one 
another  at  the  hole,  before  they  come  to  the  ob- 
je(5t ;  the  pidure  of  the  objed  muft  be  painted  the 
fame  way  that  it  lies ;  contrary  to  the  cafe  of  the 
2d  Corol.  where  the  rays  croffing  one  another  be- 
tween the  obje6t  and  the  eye,  makes  the  pidture  in- 
verted. But  we  know,  that  a  pidure  inverted  in 
the  bottom  of  the  eye,  makes  th^  objed  feem 
credv  confequently,  when  the  pidure  is  ered  in 
the  bottom  of  the  eye,  the  objed  will  feem  inverted. 

42.  Cor.  4.  Vrom  the  fame  principle  it  follows^  that  if 
the  fun  fhines  thro*  a  long  narrow  flit  AB  in  a  win- 
dow fhut  i  its  image  CD  at  a  good  diftance  from  the 
window^  will  approach  to  a  circle. 

For  the  cone  of  rays  flowing  from  all  parts  of 
the  fun  thro'  the  point  A,  will  be   projeded  into  a 
circle  at  C  \  and  thofe  flowing  thro'  B  will  be  pro- 
jeded   into   a  circle   at  D.     And  fo   rays  flow- 
ing 
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ing  thro'  all  points  between  A  and  B,  are  projed-  Fig, 
ed  into  innumerable  circles  between  C  and  D ;  42. 
each  of  thefe  circles  is  the  image  of  the  fun,  and 
all  together  make  up  the  oblong  figure  CD.  In 
this  figure  the  extreme  circles  C,  D,  grow  larger 
at  a  greater  diftance,  whilft  the  dillance  of  their 
centers  remains  the  fame,  being  equal  to  AB.  So 
that  as  the  diftance  increafes,  the  length  and  breadth 
of  the  figure  increafes  equally,  and  at  a  great  dif- 
tance, their  difference  vaniihes  as  to  fenfe.  At  the 
place  FG,  the  figure  is  narrow,  having  re6lilinear 
iides  and  circular  ends.  And  after  the  fame  man- 
ner, if  the  fun  ftiines  thro'  a  triangular  hole  or  any 
other  figure,  the  image  at  a  great  diftance  will  be 
nearly  circular,  and  the  centers  of  the  extreme 
circles  will  form  a  triangle  or  other  figure,  fimilar 
and  equal  to  the  hole. 

Scholium. 
An  apparatus  made  after  the  fame  manner  de-^ 
fcribed  in  this  Prop,  is  called  a  Camera  obfcura, 

PROP.     VIII. 

^he  light  of  the  fun  cofjjifis  of  rays  differently  rs^ 
frangible. 

Ex,  I. 

To  prove  this  by  experiment.  In  a  very  dark  4^ 
chamber,  make  a  round  hole  F,  about  ^  inch  dia- 
meter, in  the  window  ftiut  EG.  Place  a  glafs 
prifm  ABC  very  near  the  hole ;  fo  that  a  beam  of 
light  SF  coming  in  at  the  hole,  may  pafs  thro'  the 
prifm  and  be  refrafled  upwards,  towards  the  op- 
pofite  wall  of  the  chamber,  and  there  form  a  co- 
loured image  of  the  fun  PT.  This  prifm  is  tri- 
angular at  each  end,  3  or  4  incb  long,  and  is  po- 
lifhed  on  the  3  fides  AB,  BC,  CA.  It  is  here 
placed  parallel  to  the  horizon,  and  its  axis  perpen^ 

dicular 
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Fig.  dicular  to  the  beam  SF.  Turn  the  prifm  flovvljr 
4.  about  the  axis,  and  you  will  fee  the  refradled  light 
on  the  wall,  or  the  coloured  image  of  the  fun,  firft 
to  defcend,  and  then  to  afcend.  Between  the^  de- 
fcent  and  afcent,  when  the  image  feems  flationa- 
ry,  ilop  the  prifm  and  fix  it  there.  For' in  that 
pofture  the  refractions  of  the  light  on  the  two  fides 
CB,  CA,  are  equal  to  one  another. 

So  likewife  in  other  experiments,  when  you 
would  have  the  refradions  on  both  fides  the  prifm 
to  be  equal,  you  muft  note  the  place  on  the  wall 
where  the  image  Hands  Hill,  between  two  contrary 
motions ;  and  make  it  faft  there.  In  this  pofture 
of  the  prifm  all  the  following  experiments  are  to 
be  made,  unlefs  fome  other  pofture  is  defcribed. 
The  prifm  remaining  in  this  pofture,  let  the  re- 
fraded  light  fall  perpendicularly  upon  a  fheet  of 
white  paper  at  the  oppofite  wall  of  the  chamber, 
and  you'll  fee  the  folar  image  formed  on  the  paper 
to  be  oblong,  and  not  ova),  but  terminated  with 
two  redilineal  and  parallel  fides,  and  two  femicir- 
cular  ends  ^  the  fides  bounded  pretty  diftindly, 
but  the  ends  very  confufedly  and  indiftindly,  the 
light  there  decaying,  and  vanifhing  by  degrees. 
Here  the  breadth  anfwers  to  the  fun's  diameter  ; 
at  I S  4-  feet  from  the  prifm,  the  breadth  diminilh- 
ed  by  ^  inch,  the  diameter  of  the  hole,  is  i  -J-  inch, 
and  fubtends  an  angle  at  the  prifm  of  half  a  de- 
gree, which  is  the  fun's  apparent  diameter.  The 
length  10 finches,  when  the  refrading  angle  of  the 
prifm  C  is  64  degrees.  With  a  lefs  angle  of  the 
prifm  the  length  of  the  image  will  be  lefs.  If 
the  prifm  be  turned  about  its  axis,  that  way  which 
makes  the  rays  emerge  more  obliquely  to  the  fide 
AC  j  the  image  foon  becomes  an  inch  or  two 
longer,  or  more.  And  if  the  prifm  be  turned 
about  the  contrary  way,  fo  as  to  make  the  rays  fall 
more  obliquely  on  the  fide  CB,  the  image  foon  be- 
comes 
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comes  an  inch  or  two  Ihorter.     And  therefore  in  Fig. 
trying  this  experiment,  one  muft  be  as  careful  as   4. 
can  be,  in  placing  the  prifm,  fo  that  the  refrac- 
tions on  both  fides  may  be  alike. 

This  experiment  tried  with  a  prifm,  whofe  re- 
frading  angle  C  is  62  -J-  degrees,  the  length  of  the 
image  will  be  9  4  or  10  inches,  at  the  fame  dif- 
tance.  The  magnitude  of  the  hole  in  the  window 
fhut,  the  different  thicknefs  of  the  prifm,  where 
the  rays  pafs  thro',  the  different  inclinations  of 
the  prifm  to  the  horizon  (or  different  hights  of  the 
fun),  make  no  fenfible  changes  in  the  length  of  the 
image.  Neither  does  the  different  matter  of  the 
prifm  make  any  •,  for  in  a  prifm  made  of  plates  of 
glafs  and  water  within,  there  is  the  famx  refuit. 

Alfo  the  rays  always  go  on  in  right  lines  from 
the  prifm  to  the  image.  And  therefore  at  their 
going  out  of  the  prifm,  have  all  that  inclination  to 
one  another,  which  caufes  the  length  of  the  image ; 
that  is  the  inclination  of  2  -^  degrees  or  more.  From 
all  which  it  is  plain,  the  rays  falling  on  P  are  more 
refrangible  than  thofe  falling  on  T.  For  if  the 
rays  were  all  alike  refrangible,  the  image  PT 
would  be  a  circle,  whofe  length  is  equal  to  its 
breadth  ;  which  is  eafily  proved  thus. 

Let  SKHF  be  a  ray  coming  from  the  lower  part 
of  the  fun  to  the  higher  part  of  the  image ;  and 
refraded  by  the  prifm  at  K  and  H,  SLIT  a  ray 
which  comes  from  the  higher  part  of  the  fun,  to 
the  lower  part  of  the  image,  and  is  refracled  at  L 
and  I.  Suppofe  the  refraction  on  both  fides  the 
prifm,  are  equal ;  we  have,  refradion  at  K  z=  re- 
fradion  at  I,  and  refradion  at  H  zi:  refradion  at 
L.  Then  by  addition,  the  refradions  at  K  and  H 
n:  refradions  at  I  and  L.  And  therefore  the  two 
rays  being  equally  refraded,  have  the  fame  incli- 
nation to  one  another  after  refradion  as  before ; 
that  is,  half  a  degree,  equal  to  the  fun's  apparent 

diameter.- 
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Fig.  diameter.     So  then  PT  would  fubtend  an  angle  at 

4.  the  prifm  of  half  a  degree,  and  therefore  would  be 
equal  to  the  breadth,  and  confequently  the  image 
would  be  round.  But  inftead  of  that,  it  is  five 
times  longer  than  it  is  broad. 

Likewife  the  image  PT  is  coloured  ;  for  from  T 
to  P  it  has  thefe  different  colours  in  this  order,  red, 
orange,  yellow,  green,  blue,  purple,  violet;  at 
the  places,  r,  0^  jy,  ^,  ^,  p,  *z;,  refpectively.  So 
that  the  moft  refraded  part  at  P  is  violet,  and  the 
leaft  refrafted  at  T  is  red.  And  the  intermediate 
part,  all  the  other  colours. 

Ev:p,  2.  When  a  beam  of  light  is  let  in  at  the 
hole  F,  of  the  window  fliut-,  hold  the  prifin  in 
fuch  a  pofition  that  its  axis  may  be  perp.  to  the 
beam.  Then  look  thro'  the  prifm  to  the  hole,  and 
turning  the  prifm  about  back  and  forward,  to  find 
when  the  image  is  ftationary ;  there  Hop  the  prifm, 
the  refra6lion  on  both  fides  being  then  equal.  Then 
looking  thro'  it,  at  the  hole  •,  the  length  of  the 
image  will  appear  to  be  many  times  greater  than 
the  breadth.  The  moft  refraded  part  being  vio- 
let; and  the  leaft  refrafted,  red.  The  middle 
parts  blue,  green,  yellow  in  order. 

And  if  the  prifm  be  removed  out  of  the  fun- 
beam,  and  then  looking  thro'  it  at  the  hole ;  you 
will  have  the  fame  appearance.  Now  if  all  the 
rays  were  refraded  alike,  the  hole  would  appear 
round  when  refraded  thro'  the  prifm.  So  that  at 
equal  incidencies  there  is  a  considerable  inequality 
of  refraflion. 

5.  E:>cp.  3 .  To  try  what  is  the  effed  of  refra6ting  the 
rays  a  fecond  time.  Things  being  ordered  as  in 
the  firft  experiment,  place  a  fecond  prifm  clofe  by 
the  firft  in  a  crofs  pofition  as  DH,  that  it  may 
again  refrad  the  beam  which  comes  thro'  the  firft 
prifm.  The  firft  prifm  refrads  it  upwards  ;  and 
the  fecond,  fideways.     By  the  firft  prifm  alone  the 

beam 
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beam  is  refraded  to.PT,  and  j/  is  the  image  made  Fig, 
by  the  refradion  of  the  two  crofs  prifms  together,  j. 
Then  it  will,  appear  by  the  refradlion  of  the  fc- 
cond  prifm  that  the  breadth  of  the  image  is  not  in-? 
creafed,  but  the  upper  part  P  fufFered  a  greatei: 
refradtion  in  both  prifms,  and  the  lower  part  T,  ^ 
lefs  refradion  in  both  prifms  •,  and  that  without 
any  dilatation  of  the  image  in  breadth.  Likewiie 
as  before,  the  upper  part  ^  appears  violet  j  and  the 
lower  part  /,  red ;  and  the  reft  as  before.  So  that 
here  is  no  dilatation  or  fplitting  of  rays. 

And  if  a  third  and  even  a  fourth  prifm  be  plac- 
ed in  the  fame  manner  after  the  fecond,  the  refult 
will.be  the  fame;  and  the  moft  refrangible  rays, 
will  be  moft  refraded,  as  before ;  and  the  leaft, 
the  leaft  refraded,  whilft  their  colours  remain  un- 
changed. 

Exp,  4.  If  inftead  of  one  hole  in  the  window,.  6, 
there  be  made  two  holes,  under  one  another,  at  a 
fmall  diftance  ;  and  refradling  the  light  upwards  by 
two  parallel  prifms,  placed  one  at  each  hole  •,  and 
then  refrad  the  two  images  to  the  oppofite  wall, 
in  fuch  manner  that  the  two  coloured  images  may 
be  joined  end  to  end  in  a  right  line.  Then  if  both 
thefe  refraded  beams  were  again  refradted  fideways 
by  a  third  prifm  placed  acrofs  the  two  firft  (as  in 
Exp.  3.).  Then  the  vn6  beams  would  be  refradt- 
ed  to  the  places  ptj  mw^  which  would  not  now 
lie  in  one  right  line  with  their  ends  touching  as 
before  •,  but  be  feparated  and  become  parallel. 
The  blue  ends  m^  p  being  by  a  greater  refradlion 
tranflated  further  from  its  former  place,  than  the 
red  ends  n^  t.  And  the  fame  happens  if  the  third 
prifm  be  placed  at  a  good  diftance  from  the  others. 

Exp,  5.  If  a  beam  of  light  be  refleded  by  one 
fide  of  a  prifm,  and  then  refraded  by  another 
prifm,  fome  of  the  rays  will  be  more  refraded, 
and  others  lefs.     Or  if  it  paffes  thro'  one  fide  of 

a  prifm. 


i6  LIGHT    AND    COLOURS. 

Fig.  a  prifm,  and  is  refledled  by  another  fide,  and  rtiadf^ 
6.  to  pafs  thro'  the  third  fide;  and  after  this  be  re- 
fra6led  by  another  prifm;  fome  rays  will  at  laft 
be  more  refraded  than  others.  Or  if  a  beam  paft 
thro'  parallel  furfaces  of  glafs,  arid  be  then  refrad^ 
ed ;  the  confequence  will  ftill  be  the  fame.  And 
therefore  it  is  fully  proved,  that  the  fun's  light 
confifts  of  rays  differently  refrangible. 
4«  Exp,  6.  Let  a  fmall  hole  be  made  in  the  papei- 
where  the  image  PT  is ;  and  let  each  of  the  ca- 
lours  pafs  fucceflively  thro*  this  hole ;  and  be  re-^ 
fraded  again  by  a  prifm  behind  the  hole.  Then 
each  of  thefe  colours  will  be  found  to  continue  the 
fame  as  before  without  any  manner  of  alteration. 
And  the  figure  or  fpot  of  light  on  the  v/all,  will^ 
as  to  fenfe,  be  circular.  So  that  none  of  thefe  co^ 
lours  are  the  leaft  changed  by  refraclion.  Like- 
wife  if  fmall  bodies  be  placed  in  this  new  lighr^ 
they  will  appear  of  the  fame  colour  as  that  light, 
red  in  the  red  light,  green  in  the  green  light,  &c. 
So  that  the  colours  are  no  way  changed  by  re- 
flexion. Likewife  if  you  look  at  any  of  thefe  fpots 
of  new  light  upon  the  wall,  thro'  a  prifm,  they 
will  appear  wholly  of  the  fame  colour,  and  no  way 
dilated  or  expanded  in  length.  So  that  homogeneal 
light  fuffers  no  manner  of  alteration  in  any  cafe* 
And  in  all  thefe  trials  it  will  appear  that  thofe 
rays,  which  were  moft  refradted  at  firft,  are  always 
afterwards  moft  refradled.  And  thofe  that  are  leaft 
at  firft,  are  always  leaft  afterwards. 

Cor.  I.  Every  ray  of  light  has  a  peculiar  degree  of 
refrangihility^  which  cannot  be  changed  by  any  re* 
flexions  or  refra5lions  \  but  remains  conjiantly  and  in-^ 
variably  the  fame. 

Cor.  2.  ne  confufed  vifion  of  any  obje5f  feen  thro* 

a  refracting  body  or  medium^  arifes  from  the  different 

refraElion  of  the  light. 

For 
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For  different  rays  flowing  from  the  fame  point  Fig. 
of  an  objedv  will  be  refraded  to  different  points 
on  the  retina  at  the  bottom  of  the  eye. 

Cor.  3.  The  light  refle5led  or  emitted  from  all  bo- 
dies^ confifts  of  rays  differently  refrangible. 

For  the  light  reflefted  from  all  bodies  on  the 
earth,  is  the  fun's  light.  And  befides,  if  one 
looks  at  any  obje6t  thro'  a  prifm,  that  obje6l  will 
appear  tinged  with  colours.  Take  a  fmall  part  of 
a  body,  illuminate  it  flrongly,  and  looking  at  it 
thro'  a  prifm,  you'll  have  an  oblong  image  like 
PT  (fig,  4.)  with  all  the  colours.  In  like  manner, 
a  ftar,  a  lamp,  a  candle,  a  burning  coal,  red  hot 
iron,  or  any  burning  matter  feen  thro'  a  prifm, 
gives  the  fame  appearance. 

Cor.  4.  Hence  alfo  the  fimple  primary  colours  are  4. 
feven  \  red.,  orange.,  yellow.,  green.,  blue.,  ptrple^  violets 
The  red  being  leaji  refra^led.,  and  fo  in  order  to  the 
violet^  which  is  moft.  And  the  Jpaces  taken  up  by 
ihefcy  are  not  equal ;  the  orange  and  purple  being  lit- 
tle more  than  half  each  of  the  reft^  which  are  nearly 
equal. 

This  is  known  by  meafuring  the  parts  of  the 
image  PT. 

Cor.  5.  Hence  obje^ls  feen  thro"*  glaffes  in  purified 
or  hcmogeneal  light  will  appear  diftin^l  \  but  very  con- 
jufed  in  heterogeneal  or  common  light. 

This  is  plain  from  the  3d  experiment ;  and  may 
be  further  evinced  by  placing  flies,  or  the  letters  of  a 
book,  or  any  minute  objeds  in  homogeneal  light, 
where  they  will  be  perfedly  feen,  and  their  parts 
diflindly  defined ;  but  will  appear  confufed  in 
commion  lights  and  their  fmall  parts  cannot  be  dlf- 
tinguillied  therein. 

C  S  C  H  O' 
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^^S*  Scholium. 

Sir  J.  Newton,    by   accurately    meafuring  the 
fpaces,  that  the  feveral  colours  take  up,  found  them 
as  follows ; 
red,     orange,  yellow,  green,     blue,     indigo,  violet. 

1  3  2  I  I  12^ 

"s  40  15  6  6  9  9      ' 

Where  the  whole  length  of  the  image  is  r. 

PROP.      IX. 

Rays  of  light  which  differ  in  colour ^  differ  alfo  in- 
degrees  of  refrangibility, 

7.  Exfer.  I.  Take  an  oblong  piece  of  paper  DGI, 
draw  a  line  crofs  it  in  the  middle,  to  divide  it  into 
two  equal  parts.  Paint  one  end  DO  with  blue, 
the  other  GI  with  red,  as  ilrong  as  you  can.  Lay 
it  flat  where  there  is  light  enough  ;  look  at  it  thro' 
a  glafs  prifm,  held  parallel  to  it,  and  to  the  hori- 
zon ;  then  if  the  refracting  angle  of  the  prifm  be 
upwards,  fo  that  the  paper  may  feem  to  be  lifted 
upwards  by  refraftion  ;  the  blue  half  FO  v/ill  be 
lifted  higher  by  refraction,  than  the  red  half  OK, 
•But  if  the  retracing  angle  of  the  prifm  be  turned 
downwards,  fo  that  the  paper  may  feem  to  be  car- 
ried lower  by  refradion  ;  its  blue  half  v/ill  be  car- 
ried lower  than  the  red  halt.  Therefore  the  light 
from  the  blue  is  more  refraded,  and  therefore  is 
more  refrangible,  than  the  light  from  the  red. 

Exp.  2.  Take  the  fame  paper,  whofe  two  halves 
are  painted  with  red  and  blue,  and  lap  a  thread  of 
black  filk  feveral  times  about  it,  fo  that  the  parts 
of  it  may  appear  upon  the  colours  like  fo  many 
black  lines  drawn  over  them.  Set  this  paper  per- 
pendicular againft  a  wall  in  a  dark  room,  or  in  the 
ni^^Jit ,  fo  that  one  of  the  colours  m.ay  iland  to  the 
right,  and  the  other  to  the  left.     Place  a  candle 

near 
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near  the  paper  to  illuminate  it  ftrongly.  Then  Fig, 
take  a  lens  of  a  large  focal  diflance,  and  place  it  7. 
at  fuch  a  diftance,  that  the  rays  coming  from  the 
feveral  points  of  the  paper  may  be  colled ed  to  a 
focus,  at  about  the  fame  diftance  on  the  other 
hand  ;  and  fo  form  the  image  of  the  coloured  pa- 
per upon  a  white  paper  placed  there.  Then  mov- 
ing the  paper  to  and  from  the  lens,  to  fxnd  where 
the  images  of  the  blue  and  red  parts  of  the  paper 
appear  moil  diftindt ;  which  is  eafily  known  by  the 
images  of  the  black  threads  of  filk,  v^hich  will  be 
diftind  there ;  and  you'll  find  where  the  red  half 
of  the  paper  appears  diftindt,  the  blue  half  will 
appear  confufed  ^  fo  that  the  black  lines  on  it  cart 
fcarce  be  feen.  And  on  the  contrary,  where  the 
blue  half  appears  diftind,  the  red  half  will  be 
confufed,  fo  that  its  black  lines  can  fcarce  be  feen. 
And  therefore  between  thefe  two  places,  where 
thefe  feveral  images  appear  diftind,  there  will  be 
a  remarkable  diftance,  which  will  be  about  an  inch 
and  a  half,  if  the  diftance  of  the  candle  or  paper 
from  the  lens  be  about  fix  feet.  Therefore  the  fo- 
cal diftance  of  the  red  being  greater,  than  that  of 
the  blue;  proves. the  blue  rays  to  be  more  refran- 
gible than  the  red.  Therefore  rays  that  differ  in 
colour,  differ  alfo  in  their  degrees  of  refrangibiiity. 
The  fame  appears  by  the  experiments  in  the  laft 
Prt)p. 

No^e^    A  lens  is  a  folid  piece  of  glafs,  the  two 
fides  being  the  fegments  of  fpheres,  and  poliftied. 

Cor.  I .  HefKe  all  light  naturally  confifts  of  hetero^ 
geneous  rays^  which  eMbit  different  colours. 

Cor.  2.  Every  fort  of  homogeneal  rays  frodnces  its 

proper  colour^  according  to  its  degree  of  refrangihiUty. 

.  And  thofe  that  agree  in  colour^  agree  in  the  degree  of 

refrangibility  \  and  its. colour  cannot  he  changed  by  any 

reflexions  or  refra£lions. 

C  2.  Cor. 
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Pi.r.      Cor.  3.    nere  are  as  many  fimfle  colours  as  there 
7"^  are  degrees  of  refrangibihty^  and  therefore  an  infinite 
mimher. 

For  tho'  in  Exp.  i.  Prop.  VIII.  there  are  only 
feven  fimple  colours  mentioned  ;  yet  each  of  them 
confiilis  of  an  infinite  number  of  degrees,  and  there- 
fore are  infinitely  various. 

Cor.  4.  The  fbrfeEiion  of  telefccps  and  microfcopes 
is  prevented  by  the  different  refrangibility  of  the  rays 
of  light. 

This  appears  by  the  2d  experiment ;  for  thefe 
infirumeRts  are  compofed  of  lenfes  of  feveral  forts. 
No  rays  iiluing  from  a  point  can  be  refraded  ex- 
aclly  to  a  fingle  point. 

Cor.  5.  Hefice  it  is  plain^  if  the  fun's  light  con- 
fifted  but  of  one  fort  of  rays  \  there  would  he  but  one 
colcitr  in  the  whole  world.,  or  all  things  would  he  of 
one  colour.  Nor  would  it  he  poffible  to  produce  any 
new  colour  by  reflexion  or  refraSiion.  And  of  confe^ 
qtience  the  variety  of  colours  depends  upon  the  compo^ 
Jilion  of  light. 

Scholium. 

A,  If  a  large  hole  F  be  made  in  the  window  fliut 
EG,  and  the  prifm  ABC  placed  near  it,  and  clofe 
to  the  prifm  on  the  other  fide,  a  thin  board  DO, 
v;ith  a  fmail  hole  in  it  •,  and  at  12  feet  diftance,  the 
board  MN  be  placed,  having  a  fmall  hole  in  the 
middle  of  it;  and  clofe  behind  it,  the  prifm  RQ^ 
Then  if  the  prifm  ABC  be  turned  fiowly  to  and  fro 
about  its  axis,  the  image  PT  will  move  up  and  down 
en  the  board  MN  -,  arid  by  this  means, "  all  the  fe- 
veral parts  of  it  may  be  made  to  pafs  thro'  the  hole 
in  it.  And  each  of  thefe  pafiing  thro',  is  refradted 
again  by  the  prifm  RQ,  and  fo  pafTes  to  the  op- 
pofite  wall.  Then  it  will  appear,  that  the  light 
which    is   moil  refracted  at  ABC,    is   aifo    moft 

refraded 
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refraded  at  RQ,  and  goes  to  the  higher  part  Fig. 
of  the  wall  at  X.  And  the  light  which  is  leaft  4. 
refraded  at  ABC,  is  alfo  the  leaft  refracted  at  RQ, 
and  goes  to  the  lower  part  of  the  wall  at  Y.  Anc^ 
that  the  moft  refracted  at  X  is  violet,  and  the  leaft 
refraded  at  Y  is  red.  And  all  this  happens,  whilft 
the  two  boards  and  the  prifm  RQ^remain  unmoved  j 
by  which  means  the  incidence  of  the  rays  upon  the 
fecond  prifm,  remains  always  the  fam.e.  There- 
fore at  the  fame  incidence,  fome  rays  are  more  re- 
fraded  than  others  ;  and  thofe  that  are  more  re- 
fraded  at  firft,  are  more  refracted  afterwards,  and 
have  always  the  fame  colour  annext  5  and  the  like 
for  the  reft.  So  that  it  is  evident,  that  thofe  rays 
that  are  endued  with  different  colours,  have  dif- 
ferent degrees  of  refradtion.  From  the  perfpicuity 
and  evidence  of  this  experiment,  it  is  called  the 
Experimentum  cruets, 

PROP.      X. 

All  rays  of  light  falling  on  a  refleBing  fiirface^  in 
the  fame  angle  -,  are  reflected  in  eqiial  angles^  if  they 
he  refle5led  at  alU         _ 

Exper.  Let  F  be  a  hole  in  the  window  fhut,  G  §.. 
a  refledting  furface  placed  horizontally.  Let  a  beam 
of  light  from  the  fun  FG,  come  thro'  the  hole  F, 
and  fall  upon  the  reflecting  furface  G,  and  then 
be  refle6ted  to  H  on  the  oppofite  wall  -,  the  figure 
of  the  refledted  light  at  H  will  be  circular  like  the 
hole  F.  And  therefore  there  is  no  feparation  of 
the  rays  as  in  refraction.  And  no  colours  are 
brought  by  reflexion. 

Alfo  if  a  paper  be  held  any  way  between  G  and 
H  parallel  to  the  wall  at  H  •,  the  image  received 
upon  the  paper  will  always  be  fimilar  to  the  image 
at  H,  and  of  a  circular  form.  And  therefore  the 
rays  that  had  the  fame  incidence,  will  run  parallel 

C3  to 


22  LIGHT    AND    COLOURS. 

Fig.  to  one  another  after  reflexion  ^  and  confequently 
8.    are  refleded  at  equal  angles. 

Indeed  the  Beam  FG  grows  wider  as  it  is  further 
from  F,  and  GH  grows  bigger  as  it  is  further  from 
G  ',  but  this  is  only  owing  to  the  apparent  magni- 
tude of  the  fun's  diameter.  For  from  any  one 
point  of  the  fun's  difc,  the  rays  which  fall  parallel 
on  G,  will  be  refiedted  parallel  to  H. 

Cor.  Hence  there  is  no  feparation  of  the  rays,  of 
^'    light  by  refiexion^  any  thing  like  what  there  is  by  re- 
fraction. 

Indeed  the  moil  refrangible  rays  will  be  the  foon- 
eft  reflecled,  if  they  move  out  of  a  denfe  medium 
into  a  rare  one  ;  as  fuppofe  a  beam  of  heterogene- 
ous light  moves  in  diredion  FG  ;  fome  of  it  is 
refraded  along  GD,  and  fome  along  GC.  There- 
fore if  the  angle  FGA  be  diminifhed  -,  the  way  of 
the  moft  refrangible  rays,  GC,  will  come  to  GB, 
and  be  refleded  along  GH.  But  this  is  nothing 
\  to  the  prefent  Prop.     For  it  is  refleded,  becaufe  it 

is  impoflible  it  can  be  refraded  any  longer,  as  it 
cannot  enter  the  medium  ;  and  in  this  fenfe,  the 
moft  refrangible  rays  are  the  moft  reflexible. 

PROP.      XL 

Whilenefs^  or  the  fuyi^s  lights  is  compounded  of  all 
the  primary  colours  mixed  in  a  due  proportion. 

4.  Exp.  I.  A  beam  of  light  being  refraded  by  a 
prifm,  as  in  Ex.  i.  Prop.  VIII,  and  made  to  form 
the  image  P  on  a  piece  of  paper.  Take  away  the 
paper,  and  hold  a  lens  in  the  refraded  rays,  fo  as 
they  may  all  fall  upon  it.  This  will  caufe  the  co- 
loured light,  v/hich  diverged  from  the  prifm  to 
converge,  and  meet  again  at  its  focus.  If  you  hold 
a  paper  behind  the  lens,  the  folar  image  will  ap- 
pear upon  it  intenfely  coloured  j  and  that  by  re- 
ceding 
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ceding  from  the  lens,  thofe  colours  will  come  m.ore  Fig. 
and  more  towards  one  another  ;  and  by  mixing  to-  4. 
gether,  will  more  and  more  dilute  one  another 
continually  ;  till  at  length  the  paper  comes- to  the 
focus,  where  by  a  perfect  mixture,  all  the  colours 
will  wholly  vaniih,  and  be  converted  into  white- 
nefs  ;  the  v/hole  light  appearing  now  upon  the  pa- 
per, like  a  little  white  circle.  And  afterwards  by 
moving  farther  from  the  lens,  the  rays  which  con- 
verged and  met  at  the  focus,  will  now  crofs  one 
another  there,  and  diverge  from  thence,  and  there- 
by make  the  colours  to  appear  again,  but  in  a 
contrary  order,  the  red  being  now  above,  and  the 
violet  below.  Here  then  the  fun  beam  SF,  which 
at  firft  was  white,  is  by  the  refradion  of  the  prifm 
ABC  refolved  into  its  original  colours  ;  thele  co- 
lours, by  the  refra6tion  of  the  lens,  are  again  inti- 
mately mixt,  and  reduced  to  their  original  white- 
nefs. 

Now  it  is  evident  this  whitenefs  is  made  up  of 
all  the  colours  of  the  image.  For  if  any  of  the 
colours  be  ftopt  at  the  lens,  the  whitenefs  will  ceafe, 
and  degenerate  into  that  colour  which  is  made  by 
the  compofrtion  of  the  remaining  colours.  And 
if  the  intercepted  colour  be  then  let  pafs,  and  fall 
upon  that  compound  colour,  it  will  im.mediately 
reflore  its  whitenefs  by  mixing  v/ith  them.  Thus 
if  the  blue  rays  be  intercepted,  the  reft  will  appear 
reddifh,  and  then  letting  the  blue  pafs,  the  white- 
nefs is  reftored.  And  if  the  red  be  ftopt,  the  reft 
v/ill  appear  blueifb  •,  and  letting  the  red  pafs,  the 
whitenefs  is  again  reftored. 

And  in  making  this  white,  the  feveral  rays  do 
not  fuffer  any  change  by  ading  upon  one  another. 
For  if  the  paper  be  held  beyond  the  focus,  and  the 
red  colour  be  ftopt  and  then  let  pafs  again,  the 
violet  colour  on  the  paper  fuffers  no  change.    Nei- 

C  4  ther 
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Fig.  ther  will  the  red  be  changed  by  flopping  and  let- 
4.    ting  pafs  the  violet. 

When  the  j^aper  is  held  in  the  focus,  and  the 
white  image  there  be  viewed  thro'  a  prifm,  you'll 
have  a  coloured  image  like  PT.     And  if  any  co- 
lour at  the  lens  be  flopt  and  let  pafs  by  turns,  it 
will  difappear  and  return  as  often  ;  but  the  remain- 
ing colours  will  not  fafter  any  change.     One  co- 
lour then  depends  on  one  fort  of  rays,  and  another 
colour,  on  another  fort. 
10.       Exp,  1.  Make  an  inflrument  XY  in  falhion  of  a 
comb,  v/hofe  teeth  are.  1 4:  inch  broad,  and  diftance 
two  inches  ;  and  interpofmg  fuccefTively  the  teeth 
of  this  inflrument  near  the  lens  MN,  placed  as  in 
the  lafl  experiment,  you  will  flop  part  of  the  co- 
lours by  the  teeth,  whiifl  the  refl  go  on,  thro'  the 
fpaces  between  the  teeth,  to  the  paper  DE,  in  the 
focus,  where  it  makes  a  round  image.    This  image 
appears  white,    when  the  comb  is  taken  away ; 
bi^t   the   comb    being   interpofed,     the   whitenefs 
changes  its  colour  to  that  v/hich  goes  on  thro'  the 
comb.     And  the  colour  is  perpetually  fo  varied  by 
the  motion  of  the  comb  up  and  down,  that  in  pafT- 
ing  of  all  the  teeth  over  the  lens,  the  colours  red, 
yellow,  green,   blue,    purple,    do  always   fucceed 
one  another,  when  the  motion  is  How.     But  if  the 
comb  be  moved  very  quick,  that  the  colours  by 
their  quick  fuccelTion  cannot  be  diflinguifhed  from 
one  another,  the  appearance  of  the  fmgle  colours 
ceafes,  and  from  a  confufion  of  them  all,   there 
arifes  one  uniform  white  colour.     Therefore  of  the 
v/hole  light  which  now  appears  white,  by  the  mix- 
ture of  all  the  colours,    there  is  no  part  really 
white.    One  part  is  red,  another  is  yellow,  a  third 
green,  a  fourth  blue,    a  fifth  purple.     If  the  im- 
prefTions  of  thefe  feveral  colours  follow  one  another 
(lowly,  fo  that  they  may  be  feverally  perceived, 

there 
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there  is  made  a  diftinct  lenfation  of  all  the  colours  Fig. 
fuccefiively.  But  if  the  impreffions  follow  one  ano-  10. 
ther  fo  quickly,  that  they  cannot  be  feverally  per- 
ceived, there  arifes  out  of  them  all  one  common 
fenfation,  which  is  neither  of  this  nor  that  colour, 
but  is  indifferent  to  them  all ;  and  this  gives  a  fen- 
fation of  whitenefs.  Therefore  when  all  the  co- 
lours are  viewed  perfedly  mixt  in  the  focus  of  the 
lens,  this  v/ill  much  more  llir  up  a  fenfation  of 
whitenefs. 

Exp.  3.  A  beam  of  light  being  refra6ted  by  a  4, 
prifm  ABC,  and  the  fun's  coloured  image  PT  made 
to  fall  on  the  oppofite  v/all.  If  a  fpedator  Hand 
at  FG,  and  place  another  prifm  clofe  by  ABC, 
and  in  the  fame  pofition,  and  look  thro'  it  to  the 
image  PT  \  then  the  colours  of  it  will  appear  to 
be  contracted  into  a  round  fpot  perfedly  white. 
Which  therefore  is  made  fo  by  the  mixture  of  all 
the  colours  together. 

Eocp,  4.  Take  a  large  circle  or  wheel  ADF.  Di-  11. 
vide  its  circumference  into  12  equal  parts ;  fettwo 
of  them  from  A  to  B  •,  that  is,  make  AB  two  of 
them,  BC  I,  CD  2,  DE  2,  EF  i,  FG  2,  GA  2. 
Draw  lines  to  the  center  O.  Then  paint  it,  mak- 
ing DOE  red,  EOF  orange,  FOG  yellow,  GOA 
green,  AOB  blue,  BCC  purple,  and  COD  violet  j 
all  of  as  bright  colours  as  can  be  had.  Then  put 
an  axis  thro'  the  center  O,  and  caufe  the  wheel  to 
revolve  fv/iftly  about  its  axis  ;  and  none  of  the  co- 
lours will  then  appear  fingly  •,  but  the  whole  will 
appear  to  be  white.  And  this  white  will  be  the 
fuller,  as  the  particular  colours  are  the  brighter. 

Eicp.  5.  Whitenefs  may  be  made  by  mixing  co- 
loured powders  together.  Thus,  put  together  orpi- 
ment,  a  purple  powder,  bife,  and  verdigreafe, 
thefe  being  mixt  v/ell  together,  will  compound  a 
white  colour  ;  the  quantities  of  them  muil  be  found 
out  by  trials,  and  lefs  or  more  of  each  muft  be 

taken. 
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Fig.  taken,  according  to  their  brightnefs  or  dullnefs. 
But  all  powders  of  this  kind,  lofe  or  ftifle  a  great 
deal  of  the  light  that  falls  upon  them  -,  and  there- 
fore a  white  cannot  be  made  bright  enough  of  thefe, 
but  will  appear  dulky  -,  to  help  this,  it  muft  be 
placed  in  a  Itrong  light,  and  viewed  at  a  diftance. 
From  all  thefe  experiments  it  appears,  that  white- 
nefs  is  a  due  mixture  of  all  other  colours. 

Cor.  I .    ^  mixture  of  colours  may  he  made  which 
Jhall  he  like  the  colour  of  homogeneal  light.     But  it 
■    will  differ  in  this^  that  the  parts  of  it  will  he  diffe- 
rently refrangihle. 

For  almoft  any  of  the  prifmatic  colours  may  be 
imitated  by  mixing  the  colours  on  each  fide.  Thus 
red  and  yellow  make  an  orange.  Orange  and 
green  make  a  fort  of  yellow.  Yellow  and  blue 
make  a  green.  Green  and  purple  make  a  blueifh 
colour,     And  blue  and  violet  make  a  purple. 

Cor.  2.  Hence  one  may  know  how  to  make  a  mix^ 
ture  of  colours  J  that  fh  all  he  like  the  colour  of  a  given 
ohje5f. 

Look  at  the  objedt  thro'  a  prifm,  to  fee  the  ob- 
long coloured  image  of  it,  which  divides  the  co- 
lour of  it  into  all  the  fimple  colours  it  is  compofed 
of.  Take  fuch  a  quantity  of  every  feparate  co- 
lour, you  fee  in  the  image,  as  fliall  be  proportional 
to  its  intenfity  or  degree  of  brightnefs.  And  fuch 
as  are  faint  or  hardly  appear,  may  be  omitted. 
Then  mix  them  together. 

Cor.  3.  All  colours  in  the  world  are  either  the  co- 
lours of  homogeneal  light ;  or  compounded  of  them. 

This  is  evident  from  this  and  the  foregoino;  Pro- 
poiitions. 

Cor.  4.  A  body  that  Yefie^s  no  colour^  is  black. 

Cor. 
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Cor.  5.  Hence  black  is  no  colour^  and  white  is  allFig, 
colours. 

PROP.     XII. 

If  any  body  be  pliiced  in  fimple  or  homogeneal  light 
of  any  colour  -,  it  will  appear  of  the  fame  colour, 

Exp.  I.  Suppofe  "the  beam  of  Ikht  SF  to  pafs  4; 
thro'  the  hole  F,  in  tjie  window  ihut,  and  being 
refradled  by  the  prifm  ASC,  to  mil  the  image  PT 
on  the  oppofite  wail,  and  to  form  all  the  original 
prifmatic  colours.  Take  a  bit  of  paper,  and  hold 
m  the  red  light,  and  it  will  appear  red.  Hold  it  in 
the  orange, yellow,  green,  blue,  &c.  fucceffively,  and 
it  will  appear  orange,  yellow,  green,  blue,  &c.  fuc- 
ceflively. 

Take  a  bit  of  coloured  paper,  and  hold  it  in  the 
red  light,  and  it  will  appear  red ;  aifo  hold  it  in 
the  orange,  yellow,  green,,  &c.  and  it  will  appear 
orange,  yellow,  green,  &c.  refpedlively.  But  it 
will  appear  moil  luminous  when  placed  in  the  light 
of  its  own  kind.  The  room  muft  be  dark  in  try- 
ing this  experiment,  as  well  as  in  the  following. 

Exp.  2.  The  fame  apparatus  continuing.  Take 
cinnabar^  and  place  it  in  the  yellow  light,  and  it 
appears  yellow  •,  place  it  in  the  blue  light  and  it 
appears  b'ue,  &c.  But  place  it  in  tbe  red  light, 
and  it  is  moft  luminous,  this  is  its  native  colour. 
Indigo  placed  in  the  red  light  is  red,  in  the  orange 
it  is  orange,  in  the  green  it  is  green,  &c.  and  placed 
in  the  purple,  its  own  natural  light,  and  it  is  a 
moft  refplendent  purple  •,  and  its  fplendor  gradually 
diminidies,  by  moving  it  by  degrees  thro'  the  green 
and  yellow  to  the  red.  Place  a  bit  of  blue  ribbon 
in  the  red  light  it  appears  red  •,  and  in  the  orange, 
yellow,  green,  it  appears  orange,  yellow,  or  green, 
but  faint.  Place  it  in  the  blue  light,  and  it  is  a 
moft  bright  blue. 
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Fig.  E,xp.  3,  The  fame  things  remaining.  If  cinnahat 
4.  and  ultra  marine  be  held  together  in  the  red  light ; 
they  will  both  appear  red.  But  the  cinnabar  will- 
appear  of  a  ftrong  luminous  refplendent  red  ;  and 
the  ultra  marine  of  a  faint  obfcure  and  dark  red. 
And  if  they  be  held  together  in  the  blue  light, 
they  will  both  appear  blue  j  but  the  ultra  marine 
will  appear  of  a  ftrong  luminous  and  refplendent 
blue  -,  and  the  cinnabar  of  a  faint  and  dark  blue. 
So  that  the  cinnabar  refle6ls  the  red  light  much, 
more  copioufly  than  the  ultra  marine  does ;  and 
the  ultra  marine  refledts  the  blue  light  much  more 
copioufly  than  the  cinnabar  doth.  The  fame  may 
be  tried  with  other  bodies. 

Cor.  I.  ne  colours  of  all  bodies  arife  from  hence^ 
that  fome  bodies  reflet  one  fort  of  rays^  others  another 
Jort  of  rays^  more  copioufly  than  the  reft.  And  they 
become  coloured^  by  refle5ling  the  light  of  their  own 
colours  more  plentifully^  and  that  of  all  other  colours 
more  fparingly. 

That  this  is  the  only  reafon  of  their  colours,  ap- 
pears from  thefe  experiments  -,  and  further  from  this 
confideration,  that  the  colour  of  homogeneal  light 
cannot  be  changed  by  the  reflexion  of  natural  bo- 
dies. And  therefore  they  cannot  appear  coloured 
by  any  other  means  than  by  refleding  the  light  of 
their  own  colour. 

Cor.  2.  'TVj  light  only  that  gives  colour  to  bodies  \ 
and  they  have  naturally  no  colour  in  themfelves. 

For  a  body  cannot  be  feen  in  the  dark,  when 
there  is  no  light.  For  there  is  nothing  in  the  body 
but  a  difpofition  to  refled:  this  or  that  fort  of  rays, 
which  makes  them  be  faid  to  be  of  that  colour. 
And  the  rays  properly  fpeaking  are  not  endued 
with  colours  ;  for  in  them  there  is  nothing  but  a 
certain  power  or  difpofition  to  excite  a  fenfation  of 
this  or  that  colour  in  the  brain. 

Cor. 
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Cor.'  3.    Liquors  that  reflect  any  colour^  tranfmit  Fig. 
the  other  forts.  4- 

For  initance,  a  liquor  that  refledls  the  blue  light, 
imbibes  the  red,  which  will  pafs  thro' it,  ifthevef^ 
fel  is  not  too  broad.  And  if  there  be  two  liquors 
a  red  and  a  blue  ♦,  tho'  either  liquor  be  tranfparent 
apart,  yet  you'll  not  be  able  to  fee  thro'  both  to- 
gether. For  if  only  the  red  rays  pafs  thro'  one, 
and  only  the  blue  thro'  the  otlier  -,  no  rays  can  pafs 
thro'  both.  Now  if  bodies  become  coloured  by 
refleding,  or  tranfmitting  this  or  that  fort  of  rays 
more  copiouQy  than  the  reft  •,  it  muft  be  conceived, 
that  they  ftop  and  ftifle  within  themfelves  the  rayl 
which  they  do  not  reflect  or  tranfmit. 

Colour  of  liquors  varies  with  their  thicknefs. 
Thus  a  red  liquor  in  a  conical  glafs,  looks  of  a  pale 
yellow  at  bottom  -,  a  little  higher  it  grows  orange  j 
higher  ftill  it  becomes  red  ;  and  where  the  red  is 
deepeft,  the  glafs  is  broadeft.  And  higher  it  will 
tranfmit  no  rays  ;  they  being  all  loft  by  degrees  in 
the  body  of  the  liquor.  And  thence  it  appears  that 
red  is  the  ftrongeft  light,  and  will  penetrate  fartheft 
into  a  fluid.  And  this  is  evident  by  the  obferva- 
tions  of  thofe  that  dive  into  the  fea ;  for  the  ob- 
je(5ls  look  the  redder  the  deeper  one  goes ;  the  other 
rays  being  refledled  back. 

Cor.  4.  Hence  the  red  rays  are  the  ftrongeft^  are 
leaft  turned  out  of  their  way^  and  penetrate  fartheft 
into  a  reftjling  medium.  And  the  reft;  of  the  colours 
are  weaker  and  weaker  in  their  order  \  the  violet  king 
the  weakeft. 

Cor.  5.  M^e  can  make  a  body  to  he  of  any  colour 
we  pleafe^  by  holding  it  in  the  light  of  that  colour. 


PROP, 
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Fig. 

PROP.      XIII. 

Ihe  colours  of  natural  bodies  defend  upon  the  fize 
and  denfity  of  the  compounding  particles. 

12.  Exper.  I.  Take  two  objed  glafles  belonging  to 
two  long  telefcopes,  one  a  piano  convex,  the  other 
a  double  convex.  Lay  the  plane  fide  of  one  AEB, 
upon  the  convex  fide  of  the  other  CED.  Then 
looking  perpendicularly  upon  them,  you'll  fee  a 
black  fpot  in  the  middle  whefe  they  touch  •,  and 
feveral  concentric  rings  of  colours  about  it,  at  Z, 
F,  G,  H,  I,  A,  &c.  Thefe  rings  may  be  reck- 
oned of  feveral  orders,  by  reafon  of  the  fame  colour 
coming  over  again.  Thefe  orders  are  as  follows, 
I.  Z,  black,  blue,  white,  yellow,  red:  2.  F, 
violet,  blue,  green,  yellow,  red.  3.  G,  purple, 
blue,  green,  yellow,  red.  4.  H,  green,  red.  5. 
I,  greenifh  blue,  red,  &c.  Which  colours  grow 
weaker  and  weaker  from  the  center  -,  and  alfo  nar- 
rower and  narrower. 

But  if  the  light  be  made  to  pafs  thro'  the  glafTes 
to  the  eye,  the  fpot  in  the  middle  will  be  white ; 
and  the  orders  of  colours,  going  from  the  center, 
quite  contrary  to  the  others.  1.  White,  yellowifh 
red.  2.  Black,  violet,  blue,  white,  yellov/,  red. 
3.  Violet,  blue,  green,  yellow,  red,  &c.  The 
black  lines  between  the  glalles,  at,  F,  G,  H,  I, 
A,  are  diilances  in  arithmetical  progrefiion,  being 
the  places  where  the  fame  colour  returns,  by  re- 
fle6ted  light,  as  at  the  firll  trial. 
,  Meafuring  the.  diameters  of  the  rings  in  the 
brighteft  part,  their  fquares  are  found  to  be  in 
arithmetical  progrefTion  of  the  odd  numbers  i,  3, 
S-^  y'>  9^  II,  &^c.  And  fmce  one  of  the  glafTes 
was  plane  and  the  other  fpherical  -,  their  diilances 
at  thefe  rings,  that  is,  at  Z,  F,  G,  H,  &c.  muil 

be 
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be  in  the  fame  progreflion.     Alfo  meafuring  the  Fig. 
diameters  of  the  faint  rings,  in  the  middle  between  12. 
the  bright  ones;  their  fquares,  and  confequently 
the  diftances  of  the  glaffes  there,  appear  to  be  in^ 
the  arithmetical  progreflion  of  the  even  numbers,' 
2,  4,  6,  8,  10,  12,  &c.     And  from  the  known 
radius  of  the  lower  glafs,  the  diameter  of  any  ring 
m.ay  be  computed,  and  confequently  the  diftance 
of  the  glafles  in  that  place.     And  hence  the  diftance 
of  the  glafles  in  the  middle  of  the  firft  dark  ring, 

was  found  to  be  — - —   part  of   an   inch.      And 
89000 

half  of  it  multiplied  by  i,  3,  5,  7,  &c.  gives  the 
diftance  of  the  glaflTes  or  the  thicknefs  of  the  in- 
cluded air,  at  the  moft  luminous  parts  of  all  the 

bright  rings,  — 5 ,  —| ,  —3 :.  — r > 
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&c.  and  — ,  -4 '  "-T ,  &c.  the  thick- 
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nefs  at  the  darkeft  parts. 

Exp.  2.  Wetting  the  objefls  with  water-,  as  the 
water  crept  in  between  them,  the  circular  rings 
grew  lefs.  And  by  meafuring  their  diameters,  and 
from  thence  finding  the  diftances  of  the  glafles, 
thefe  diftances  are  found  lefs  than  before  in  pro- 
portion as  3  to  4 ;  that  is,  as  the  fines  of  refrac- 
tion out  of  water  into  air. 

Exp.  3.  Viewing  thefe  rings  of  colours  in  a  dark 
room,  in  homogeneal  light,  they  become  more  dif- 
tin6l.  And  trying  all  the  prifmatic  colours  fuccef- 
fively,  the  red  circles  will  appear  to  be  bigger  than 
the  blue  or  violet.  The  diftances  of  the  glaflTes, 
at  the  red  and  violet  circles,  are  as  14^  to  9.  Thefe 
rings  were  not  now  of  various  colours,  but  appear- 
ed only  of  that  prifmatic  colour,  with  which  they 
were  illuminated.  And  the  light  which  fell  on  the 
deep  fpaces  between  the  coloured  rings,  v/as  tranf- 

mitted 
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Fig.  mitted  thro'  the  glafles  without  any  variation  of  ca- 
j2.  lour.  From  hGxxcG  the  origin  of  thefe  rings  is  ma- 
nifeil ;  viz-.  That  the  air  between  the  glaifes,  ac- 
cording to  its  various  thicknefs^  is  difpofed  in  fon^e 
places  to  refled,  and  in  others  to  tranfmit  the  light 
of  any  one  colour ;  and  in  the  fame  place,  to  re- 
flect that  of  one,  where  it  tranfmits  that  of  another. 

The  diameter  of  the  6th  circle  made  by  the  yel- 
low was  4-ro  of  an  inch. 

Exp.  4.  If  a  little  foap  be  agitated  in  water  till 
it  difTolve,  and  a  bubble  of  this  water  blown  up^ 
and  covered  with  a  glafs,  to  keep  it  from  the  air. 
You'll  obferve  the  bubble  grow  thin  at  the  top,, 
by  the  continual  defcent  of  the  water.  The  bub- 
ble at  laft  will  grow  fo  thin  at  top,  as  to  tranfmit 
the  light  and  appear  black.  Then  obferving  the 
bubble  by  refiedted  light  from  the  fl<y,  the  black 
fpot  will  be  encompailed  with  the  fame  coloured 
circles,  and  in  the  fame  order,  as  in  the  firft  expe- 
riment. As  the  water  defcends,  and  the  bubble 
grows  thinner,  the  rings  continually  grow  bigger 
till  the  bubble  burils. 

If  the  bubble  be  viewed  by  light-  tranfmitted 
thro'  it,  all  the  colours  will  be  contrary.     Therefore 
it  appears  that  altering  the  thicknefs  of  a  very  thin 
-plate, .  the  colour  is  altered. 

Exp.  5.  Take  very  thin  plates  of  ifinglafs^ 
talk,  or  mufcovy  glafs,  that  Ihow  the  colours; 
then  by  wetting  thefe  plates,  the  colours  remain 
the  fame  as  before,  only  they  become  more  faint 
and  languid,  efpecially  when  v^et  on  the  under  fide. 
Therefore  the  thicknefs  of  the  plate  to  produce 
any  colour,  depends  only  on  the  denfity  of  the 
plate,  and  not  on  the  denfity  of  the  inclofing  me- 
dium. But  the  colours  are  more  vivid  as  their 
denlities  are  different. 

Exp.  6.  Two  objedl  glafles  being  laid  on  one 
another  as  in  experiment  iv    If  a  fpedator  looks 

obliquely 
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obliquely  at  theni^  the  rings  of  colours  will  be  in-  Fig. 
creafed  in  bignefs.     Hence  the  colour  of  fome 
plates  will  change  by  changing  the  pofition  of  the 
€ye. 

From  all  thefe  experiments  it  is  plain^  that  the 
colours  of  bodies,  depend  upon  the  thicknefs  and 
denfitv  of  the  particles  that  compofe  them* 

Cor.  I.  Hence  if  the  denfity  or  fize  of  the  pat  ticks 
in  the  furface  of  a  body  he  changed-^  the  colour  is  like*' 
wife  changed. 

Cor.  2.  JVhen  the  thicknefs  of  the  particles  of  et 
body  is  fuch^  that  one  fort  of  light  or  colour  is  refleti^ 
ed ;  another  light  or  other  colours  will  be  tranfmit^ 
ted.  And  therefore  the  body  will  appear  of  the  firft 
colour. 

This  appears  by  Exper.  i.  where  the  tranfmit- 
ted  light  is  different  from  the  refieded  light. 

Cor.  3.  V^he  thicknefs  of  a  plate  of  air,  between 
two  glaffes,    which  reflets  a   deep  yellow  \    mufl  be 

or  — ? — . ,  or  — L—  ,  &c.  parts  of  an 
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inch.     And  that  of  a  plate  of  water  between  two 

glaffes^  will  be  \  of  it. 

This  is  plain  by  the  ift  experiment,  for  the 
thicknefs  of  the  plates  of  air  5  and  by  the  2d,  for* 
thofe  of  water. 

Cor.  4.  T^he  thicknefs  of  any  plate  refecling  red^  ii 
to  the  thicknefs  of  the  fame  plate  reflecting  violet  %  as 
19  to  12. 

For  by  Exp«  3.  they  were  as  i4f  to  9. 

Cor.  5.  Hence  the  thicknefs  of  a  plate  may  be  fuchy 
that  it  will  reflet  different  colours. 

If  r,  1;,  be  the  thickneffes  of  plates  that  refledt 
red  and  violet.  Then  (Cor.  4.)  izr  and  191;  will 
be  thickfielTes  of  plates  that  refledt  both. 

D  Cor. 
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Fig-      Cor.  6.    "The  parts  of  bodies  and  their  pores ^  muji 
not  he  lefsthan  a  certain  hignefs  to  make  them  coloured. 

For  if  a  particle  be  thinner  than part  of 
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an  inch,  it  can  reflect  no  yellow  (by  Cor.  3.)  and 
the  like  for  others.  In  which  cafes  the  light  will 
be  tranfmitted,  and  the  body  be  tranfparent. 

Cor.  7.  57?^  particles  of  bodies  reflet  rays  of  one 
colour^  and  tranfmit  thofe  of  another.  And  this  is 
the  ground  of  all  their  colours. 

This  appears  from  experiment  the  firfl. 

Cor.  8.  ^he  hignefs  of  the  compounding  particles 
of  natural  bodies  may  be  conje^ured  by  their  colours. 

We  are  let  into  this  by  Exp.  i.  And  from  hence 
a  table  may  be  made  of  the  feveral  orders  of  co- 
lours, to  form  our  judgment  by.  Such  a  tabic 
you'll  find  in  Sir  J.  Newton's  Optics,  pag.  206. 

Cor.  9.  'The  caufe  of  refle^ion^  is  not  the  imping- 
ing  of  light  on  the  folid  parts  of  bodies.  But  it  is 
done  by  a  certain  power.,  uniformly  diffufed  over  the 
whole  furfau  of  the  refiebting  body. 

For  in  pafTmg  of  light  out  of  glafs  into  air, 
there  is  a  reflexion  asftrongas  out  of  air  into  glafs, 
or  ftronger  *,  and  far  llronger  out  of  glafs  into 
water.  And  air  is  not  likely  to  have  flronger  re- 
flecting parts  than  water,  or  glafs.  And  the  re- 
flexion is  as  ftrong  or  flronger  in  vacuo. 

Again,  if  light  paffing  our.  of  glafs  into  air,  fall 
at  a  greater  angle  than  40  or  41  degrees,  it  is  all 
refleded,  if  more  perpendicular  it  is  tranfmitted. 
Now  it  is  not  to  be  imagined,  that  light  at  one 
angle  of  incidence  fhould  meet  with  pores  enow  to 
tranfmit  it  \  and  at  another  incidence  little  difi^e-- 
rent,  Ihould  meet  with  nothing  but  parts  to  re^ 
flea  it. 

Like- 
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Likewife  in  the  pafTing  ot  light  out  of  glafs  into  Fig. 
air  ;  at  a  certain  incidence  the  blue  is  reflected,  and 
the  red  tranfmitted. 

Again,  where  the  glafies  touch,  there  is  no  fen- 
fible  reflexion. 

Likewife  at  particular  thicknefs  of  plates,  which 
are  in  arithmetic  progrefTion,  there  is  no  reflexion 
but  a  tranfmifllon. 

Lafl:ly  the  fmall  protuberances,  left  after  polifli- 
ing,  being  innumerable  and  infinitely  fmali ;  would 
throw  the  light  in  all  diredions*  All  thefe  things 
Ihew,  that  the  reflexion  is  not  caufed  by  impinging. 

Cor.  10,  Bodies  refieSi  and  refraB  light  hy  one  and 
the  fame  power. 

For  when  light  goes  out  of  glafs  into  air,  as  ob- 
lique as  it  can  •,  if  its  incidence  be  made  more  ob- 
lique, it  is  totally  refleded. 

Again  experience  fliews,  that  light  is  alternately 
refleSed  and  tranfmitted,  by  thin  plates  of  glafs 
for  many  fuccefTions,  according  to  the  thicknefs  of 
the  glafs. 

Likewife  thofe  bodies  that  have  the  greatefl  re- 
frading  power,  refledt  the  greatefl  quantity  of 
light. 

PROP.      XIV. 

Every  ray  of  light  in  its  paffage  thro*  any  refraSl" 
ing  furface^  is  put  into  a  certain  tranfient  conflitution 
cr  ftate^  which  in  the  progrefs  of  the  ray  returns  at 
equal  intervals  •,  and  difpofes  the  ray  at  every  return^ 
to  be  tranfmitted^  and  between  the  returns  to  be  re- 
fie5ied  by  it. 

This  is  manifeft  by  Exper.  i,  2,  and  34*     ^7 

thefe  experiments  it  appears,  that  one  and  the  fame 

fort  of  rays  at  equal  angles  of  incidence,  on  any 

thin  tranfparent  plate,  is  alternately  refle(5ted  and 

D  2  tranf- 
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Fig.  tranfmitted,  according  as  the  plate  increafes  inprt>- 
greffion  of  the  numbers  o,  i,  2,  3,  4,  &c.  fo  that 
at  the  thicknefs  i,  3,  5,  7,  &:c.  the  rays  are  re- 
fledled;  and  at  the  thickneffes  2,  4,  6,  8,  &c.  they 
are  tranfmitted ;  and  thereby  make  the  rings  of 
light.  And  this  (by  Exp.  5.)  depends  on  both  the 
Surfaces  of  the  glafs. 

Cor.  I .  Th^  reafon  why  the  fur  faces  of  bodies  re- 
flet part  of  the  light  falling  on  iheniy  and  tranfmit 
the  refl\  is  hecaufe  fo?ne  rays  at  their  incidence^  are  in 
fits  of  eafy  reflexio7i^  and  others  in  fits  of  eaf  tranf- 
miffion :  calling  the  returns  of  thefe  difpqfitions  of  the 
rays^  the  fits  of  eafy  reflexion  or  tranfmiffion. 

This  appears  from  the  feveral  rings  of  colours, 
made  by  the  objedl  giaffes  \  and  far  more  of  them, 
are  vifible  thro'  a  prifm,    and  always  where  the 
plates  are  of  the  thicknefs  i,  2,  3,  4,  &:c.  fo  that 
they  return  in  equal  times. 

Cor.  2,  Thofe  furfaces  which  refraM  the  rays  mofi 
ftrongly  in  fits  of  eafy  refraMion  ;  do  reflet  them  moft 
ftrongly  in  fits  of  eafy  reflexion. 

This  follows  from  the  foregoing,  and  Cor.  9 
and  10,  of  the  laft  Prop. 

Cor.  3.  When  rays  of  a  deep  yellow  pafs  perp.  out 
of  any  medium  into  air ,    the  interval  of  the  fits  of 

eafy  reflexion  are  the  — th  part  of  an  inch.     And 

'^^  89000      "^         . 

ef  the  fame  length  are  the  fits  of  eafy  tranfmiffion. 

From  Exp.  i.  of  Prop.  XIII. 

.     Cor.  4.    When  a  plate  is  thinner  than  -^ —, 

i7i>oao 

"  $]:fe  rays  are  all  tranfmitted. 

This  appears  from  the  black  fpot,  Ex.  i.  Prop, 

XIII. 

Cor, 
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Cor.  5.    The  intervals  of  the  fits  are  Jhorteft  in  the  ¥ig. 
moji  refrangible  rays. 

By  Exp.  3.  Prop.  XIII. 

Cor.  6.  All  bodies  appear  tranfparent^  whofe  par- 
ticles and  pores  are  too  fmall  to  caufe  any  reflexions. 

Cor.  7.  The  opacity  of  bodies  arifes from  the  mul- 
titude of  reflexions  within  them. 

Cor.  8 .  The  parts  of  bodies  on  which  their  colours' 
depend^  are  denfer  than  the  medium  included  in  ths 
pores. 

For  where  the  thin  body  is  rarer  than  the  am- 
bient medium,  the  obliquity  of  the  rays  caufes  the 
colour  to  change,  fo  that  at  any  obliquity  all  forts 
of  rays  will  be  refleded,  which  caufe  a  whitenels. 
But  if  the  thin  body  be  much  denfer,  the  colours 
are  little  changed  by  the  obliquity,  and  fo  the  co- 
lour will  appear. 

Cor.  9.  The  confiituent  parts  of  bodies  are  the. 
great  eft  whofe  colours  are  mo  ft  dilute. 

For  then  it  indicates  a  higher  order  of  the  co- 
lours, as  being  more  mixt,  according  to.  Exp.  i. 
Prop.  XIII.  where  the  farther  you  recede  from  the 
center,  the  more  dilute  and  mixt  thefe  rings  are. 
And  a  table  may  be  miade  therefrom  in  order  to. 
judge  by.  Such  a  table  you  have  in  Sir  J.  New- 
ton's Optics,  pag.  206. 

Cor.  10.  A  body  becomes  tranfparent^  by  filling  th» 
pores  of  it^  with  a  fluid  of  the  fame  denfity  with 
iifelf. 

For  all  the  parts  being  of  equal  denfity,  there 
can  be  no  refradion.  within  it,  and  therefore  the 
rays  will  go  ftrait  forward  and  pafs  thro'  it. 

D  3  PROP. 
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PROP.     XV. 

If  a  beam  of  light  paffes  into  any  tranfparent  hody^ 
as  glafs  •,  fart  of  H  ijoill  he  reflected  at  its  going  in^ 
and  the  reft  tranfmitted  to  the  further  furface^  where 
fome  is  tranfmitted  there^  and  fome  refletled  back  to 
the  firft  furface.  And  fo  a  quantity  of  light  will  be 
continually  refleBed  back  and  forward  within  it^  for  a 
vaft  number  of  times  till  it  be  all  loft.  Whilft  at 
every  point  of  incidence  there  is  a  part  tranfmitted 
into  the  air. 

Take  a  glafs  fpeculum,  ground  concave  on  one 
fide,  and  convex  on  the  other,  and  quickfilvered 
pn  the  convex  fide.  And  let  a  beam  of  light, 
coming  thro'  a  fmall  hole  in  the  window  fhut  in  a 
dark  room,  fall  upon  the  fpeculum.  Then  hold  a 
paper  at  the  center  of  the  glafs,  fo  that  the  beam, 
of  light  may  pafs  thro'  a  little  hole  made  in  the 
middle  of  the  paper,  to  the  fpeculum,  and  fo  be 
reflected  back  to  the  hole.  Then  you'll  obferve 
feveral  concentric  rings  of  colours  round  the  hole ; 
like  thefe  before  in  the  objedl  glafles  by  tranfmit- 
ted light.  Thefe  rings  grow  fainter  as  they  grow 
larger.  Meafuring  the  diameters  of  thefe  rings, 
they  are  in  the  fame  proportion  as  thofe  tranfmitted 
thro'  objedt  glafles.  Viewing  them  with  homoge- 
neal  light,  they  appear  more  difliindl,  and  to  a 
greater  number.  The  red  are  the  largefl:,  the  vio- 
let leafl:,  and  fo  in  order.  Placing  the  eye  where 
the  rings  appear  plainefl:  \  the  fpeculum  will  be 
feen  tinged  all  over  with  waves  of  colours.  From 
all  thefe  things,  it  is  plain,  thefe  rings  are  made 
by  the  light  refleded  back  and  forwards  within 
the  glafs  J  whilfl:  fome,  being  in  the  fits  of  eafy 
reflexion,  and  fome  in  the  fits  of  eafy  tranfmifllon, 
caufed  thefe  rings  of  colours.     When  the  quick- 

filver 
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filver  was  rubbed  off  the  glafs,  there  would  be  the  Fig. 
fame  rings  but  fainter ;  and  therefore  the  quick- 
filver  only  increafes  the  hghtof  the  colours,  by  in- 
crcafing  the  reflexion.  '  A  metal  fpeculum  tried, 
produced  no  colours ,  and  therefore  the  colours  de- 
pend on  both  furfaces  of  the  glafs,  and  the  thick- 
nefs  between  them.  From  what  has  been  faid  it  is 
evident,  that  light  undergoes  many  reflexions  in 
fuccefTion  within  a  body,  and  many  refractions  out 
of  it  for  many  viciflitudes. 

Cor.  I.  The  outward  furfaces  of  glaffes  not  only 
reflect  and  refract  incident  lights  in  a  regular  man- 
ner •,  but  fcatters  a  part  of  it  in  all  manner  of  di- 
regions. 

That  light  is  fcattered  from  glafles  in  all  direc- 
tions ;  is  evident  from  this,  that  the  glaffes  can  be 
feen  in  all  diredlions  *,  and  therefore  the  light  re- 
flefted  from  them,  enters  the  eye,  let  it  be  placed 
where  it  will. 

Cor.  2,  Hence  the  image  of  a  candle  may  he  feen  in 
a  glafs ^  repealed  a  great  many  times  s  ////  hy  the  weak- 
nefs  of  the  light  it  vanifhes, 

PROP.      XVL 

Bodies  aEi  upon  light  at  fmall  dijlances^  hy  attrac- 
tion and  repulfion, 

Exper,  I .  Make  a  hole  with  a  pin  in  a  thin  piece 
of  lead  ;  and  placing  it  in  the  hole  of  a  window 
fhut,  let  a  beam  of  the  fun's  light  pafs  thro'  it,  in- 
to a  dark  room.  Then  will  the  fhadows  of  hairs, 
threads,  pins,  flraws,  &:c.  be  bigger  than  they 
would  be,  if  the  rays  of  light  paSed  by  them  m 
right  lines.  And  it  is  the  fame  thing,  whether  the 
fmall  body  be  encompaffed  with  air  or  water,  &c. 

D  4  The 
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Fig.  The  iliadov/s  of  feratches  in  glafs,  and  the  veins  in 

it,  are  broader  than  they  ought  to  be. 
13.  Let  X  be  a  hair  placed  in  the  beam;  ADG, 
BEH,  KNQ,  LOR,  rays  of  light  paffing  by  the 
fides  of  it,  bent  at  X,  and  falling  upon  the  paper 
GQ^  TI,  VS,  the  dired  light.  The  light  pafT- 
ing  neareft  the  hair,  as  at  D  and  N,  is  the  mofl 
bent,  paffing  to  G  and  Q,  the  fartheil  afunder ; 
thofe  that  are  further  off,  as  at  E  and  O,  are  lefs 
bent ;  and  fo  on,  to  TI  and  VS.  Therefore  the 
force  acting  upon  the  light  is  ftrongeft  at  the  leaft 
dillance,  making  the  fhadow  GQj  and  weaker  at 
greater  diftances. 

Exp.  2,  The  fhadow  of  all  forts  of  bodies  are 
bordered  with  three  parallel  fringes  of  coloured 
light;  the  neareft  to  the  Ihadow,  the  brighteft ; 
and  the  furtheft  very  faint.  The  order  of  the  co- 
lours, reckoning  from  the  innermoft,  are  violet, 
blue,  green,  yellow,  red.  So  by  looking  on  the 
fun  thro'  a  feather  or  black  ribbon,  held  clofe  to 
the  eye,  feveral  fringes  of  colours  will  appear, 

£xp  3,  Let  the  fun  fhine  thro'  a  hole,  a  quar- 
ter of  an  inch  broad  ;  place  a  fheet  of  pafteboard 
two  or  three  feet  off,  blackt  over  on  both  fides, 
and  in  the  middle  of  it,  a  hole  -J  of  an  inch  fquare, 
for  the  light  to  pafs  thro'.  Behind  the  pafteboard 
fallen  the  blade  of  a  knife  very  fharp,  to  ftop  part 
of  the  light,  -going  thro'  the  hole.  The  knife  and 
pafteboard  are  parallel,  and  both  perp.  to  the  rays. 
Let  a  part  of  the  light,  which  pafTes  by  the  knife 
edge,  fall  upon  a  white  paper  two  or  three  feet 
<liftant ;  and  there  will  be  made  two  ftreams  of 
light ;  which  will  appear  fairer,  if  the  light  pafles 
thro'  a  hole  in  the  paper,  and  fall  on  a  black  cloth 
behind  it.  One  cf  thefe  ftreams  fubtends  an  angle 
of  about  twelve  degrees ;  and  is  perp.  to  the  edge 
of  the  knife.  And  placing  ones  eye  in  the  ftream, 
a  line  of  light  will  be  feen  ypon  the  edge  of  the 

knife , 
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knife ;   and  even  when  the  eye  is  placed  without  Fig. 
the  ftream.  ^  I3» 

Exp.  4.  Placing  anotlier  knife,  with  its  edge  very 
near  and  parallel  to  the  firft.  If  they  be  dillant 
the  400th  part  of  an  inch,  the  ftream  of  light, 
paffing  between  them,  will  part  in  the  middle,  and 
leave  a  fhadow  between  them,  quite  dark.  As  the 
knives  approach  the  ihadow  grows  broader,  and 
the  ftream  narrower  at  the  inner  end.  Hence  the 
light  that  is  leaft  bent  goes  to  the  inner  end  of  the 
ftream,  and  pafies  at  the  greateft  diftance  from  the 
knives.  And  this  diftance  is  about  the  Sooth  part 
of  an  inch,  when  the  ftiadow  begins  firft  to  appear^ 
And  the  light  which  pafTes  at  diftances  lefs  and  lefs, 
is  more  and  more  bent  •,  and  goes  to  that  hand 
which  is  furtheft  from  the  dire6t  light.  A  little 
before  the  ftiadow  appears  the  fringes  begin  to  ap- 
pear, on  either  fide  ;  and  as  the  knives  approach, 
they  grow  diftinder  and  larger,  till  they  vanifh, 
the'utmoft  firft,  and  the  reft  in  order. 

Hence  one  may  conclude,  that  the  light  of  the 
firft  fringe  pafTes  by  the  knife,  at  a  greater  diftance 
than  the  Sooth  part  of  an  inch,  the  fecond  at  a 
greater  diftance,  and  the  third  greater  fcill.  And 
the  ftreams  of  light  at  a  lefs  diftance  than  any  of 
the  fringes. 

Exp,  5.  Take  two  knives  with  ftrait  edges, 
and  prick  them  into  a  board,  fo  as  to  make  an 
angle  with  each  other,  and  faften  them  fo  that  the 
angle  may  be  invariable ;  let  the  angle  be  near  two 
degrees.  Place  thefe  in  a  beam  of  light,  in  a  dark 
room,  about  the  42d  part  of  an  inch  broad;  10  or 
12  feet  diftant  from  the  hole-,  and  let  the  light 
pafTing  between  their  edges,  fall  very  obliquely  upon 
a  fmooth  white  ruler,  at  ^  an  inch  or  an  inch  diftance. 
Then  you'll  fee  the  fringes  made  by  the  two  edges 
of  the  knives,  run  along  the  edges  of  their  fha- 
dows,  in  lines  parallel  to  thefe  edges,  without  grow- 


ing 
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"Fig.  ing  fenfibly  broader,  till  they  meet  in  angles  equal 
to  that  of  the  knives  ;  and  where  they  meet  they 
end  without  croffing.  But  when  the  ruler  is  held 
at  a  much  greater  diftance,  the  fringes  are  narrower, 
the  farther  they  are  from  the  angular  point,  where 
they  crofs,  and  then  become  much  broader. 

Hence,  the  diftances  at  which  the  fringes  pals 
by  the  knives,  are  not  increafed  or  altered  by  the 
approach  of  the  knives.  But  the  angles,  in  which 
the  rays  are  bent,  are  much  increafed  by  that  ap- 
proach. And  the  knife  which  is  neareft  any  ray, 
determines  which  way  the  ray  Ihall  be  bent ;  and 
the  other  knife  increafes  the  bent.  The  diftance 
of  the  edges  of  the  knives  (at  the  meeting  of  the 
dark  lines  between  the  firft  and  fecond  fringes  on 
each  fide)  is  the  1 6oth  part  of  an  inch.  Whence 
half  the  light  pafles  by  the  edges  of  each  knife, 
within  the  320th  part  of  an  inch  thereof,  and  fal- 
ling upon  the  paper  makes  the  fringes  of  the  flia- 
dow  of  each  knife.  And  the  light  which  falls 
upon  the  paper  where  thefe  dark  lines  meet,  pafTes 
between  the  knives,  where  their  edges  are  more 
than  the  1 60th  part  of  an  inch  diftant. 

The  light  which  makes  the  fringes  is  not  the 
fame  light  at  all  diftances  of  the  paper  from  the 
knives.  But  when  the  paper  is  held  near  the 
knives,  the  light  (that  makes  the  fringes)  pafles 
at  a  lefs  diftance  from  the  knives,  and  is  more 
bent,  than  when  the  paper  is  held  at  a  greater 
diftance. 

Exp.  6.  If  the  paper  be  held  at  a  great  diftance, 
perpendicular  to  the  rays  ;  the  fringes  of  the  ftia- 
dows  will  be  in  the  form  of  hyperbolas,  of  which 
there  will  be  fix  for  the  three  fringes  on  each  fide. 
In  any  one  of  thefe  hyberbolas,  one  afymptote  is 
parallel  to  the  edge  of  one  knife,  and  its  other 
afymptote,  is  a  line  drawn  perp.  to  the  line  which 
biiedts  the  angle,  and  pafles  thro'  the  point  where 

that 
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that  dired  ray  of  light  cuts  the  paper,  which  ray  Fig. 
pafles  thro'  the  angular  point  of  the  two  knives. 
Therefore  the  angle  of  the  afymptotes  of  all  the 
hyperbolas  will  be  in  that  point,  where  a  line  drawn 
from  the  fun,  thro'  the  angle  of  the  knives,  cuts 
the  paper.  And  thefe  angles  will  be  all  obtufe  ; 
being  greater  than  a  right  angle  by  half  the  angle 
of  the  knives.  And  the  three  hyperbolic  fringes 
on  one  fide  are  equal  to  thefe  on  the  other.  All 
thefe  may  be  found,  by  a6tually  meafuring  the  or- 
dinates,  &c.  and  fo  proved  to  be  hyperbolas. 

Exp.  7.  Let  the  fun  fhine  thro'  a  fmall  hole 
made  by  a  pin  in  a  plate  of  lead ;  and  place  a 
prifm  at  the  hole  to  refradl  the  light,  on  the  oppo- 
fite  wall.  The  fhadows  of  all  bodies  held  in  the 
coloured  light,  are  bordered  with  fringes  of  the 
colour  of  that  light  in  which  they  are  held ;  in 
the  red  they  are  red  -,  in  the  blue,  blue,  &c.  And 
the  fringes  made  in  the  red  light  are  largeft,  thofe 
in  the  violet,  leaft  •,  the  green  ones  of  a  middle 
bignefs.  And  they  were  fo  at  all  diftances  from 
the  fmall  body,  as  a  hair,  &c. 

So  then  the  rays  which  made  the  fringes  in  the 
red  light,  pafled  by  the  hair  at  a  greater  diflance, 
than  thofe  which  made  the  violet  fringes.  There- 
fore the  hair  in  caufmg  thefe  fringes  a6l:ed  alike 
upon  the  red  rays  at  a  greater  diftance,  as  upon 
the  violet  at  a  lefs  diftance ;  and  by  thefe  a6lions 
difpofed  the  red  light  into  larger  fringes,  and  the 
violet  into  fmaller,  and  middle  ones  into  a  middle 
fize,  without  changing  the  colours  of  the  rays. 

When  a  hair  is  held  in  a  white  beam  of  the  fun's 
light  (Exp.  I  and  2.)  and  cafts  a  fhadow,  which 
is  bordered  by  three  fringes  of  coloured  light  ; 
thefe  colours  arife  from  the  various  inflexions,  by 
which  the  rays  are  feparated,  and  being  feparated, 
produce  each  its  own  colour.  In  this  laft  experi- 
ment, where  they  are  feparated  before  the  light 

comes 
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Fig.  comes  to  the  hair ;  the  red  or  leaft  refrangible  rays^ 
were  infiefted  at  a  greater  diftance,  and  the  violet 
or  moft  refrangible  rays  at  a  lefs  diftance,  mak- 
ing three  violet  fringes  at  a  lefs  diftance,  whilft: 
the  red  makes  three  red  fringes  at  a  greater  dif- 
tance. And  the  other  mean  rays  were  infiefted  at 
mean  diftances,  making  three  fringes  of  their  pro- 
per colours,  at  mean  diftances,  from  the  Ihadow 
of  the  hair.  And  in  the  white  light,  thefe  colours 
are  feparated  by  the  various  inflexions  of  the  rays, 
and  their  fringes  appear  ail  together  •,  and  the  in- 
nermoft  fringes  being  contiguous  make  one  broad 
fringe,  compofed  of  all  the  colours  in  due  order ; 
the  violet  being  next  the  fhadow,  and  the  red  far- 
theft  off,  and  the  reft  in  their  places.  And  in  like 
manner  the  middlemoft  fringes  compofe  one  broad 
fringe,  of  all  their  colours ;  and  the  outmoft  fringes 
compofe  another  broad  fringe,  like  the  reft.  And 
thefe  are  the  three  fringes  of  coloured  light,  with 
which  the  ftiadows  of  all  bodies  are  bordered,  as 
in  Exp.  2. 

From  all  thefe  experiments  it  is  obvious,  that 
the  rays  of  light  are  adted  on  by  fome  force  or 
other  that  turns  them  out  of  their  dire6b  road. 
And  as  this  force  bends  the  rays  not  into  the  ftia- 
dow  of  the  body  that  ads  upon  them,  but  from  the 
fhadow ;  in  that  refped  it  muft  be  a  repulfive  force, 
and  (by  Exp.  i.)  is  ftrongeft  at  the  leaft  diftance. 

Cor.  I .  //  is  prohaUe^  that  the  rays  of  light  in  the 
points  of  conta5i  with  bodies^  and  extremely  near  itr^ 
are  aEled  on  by  an  attra^ive  force.  And  at  greater 
dijiances  with  a  repulfive  one.  ' 

For  if  the  rays  were  afled  on  in  all  cafes  and 
circumftances  by  a  repulfive  force  ;  the^Jight  would 
all  be  expelled  at  once  out  of  the  luminous  body. 
But  it  is  more  probable,  that  thefe  particles  of  light 
ai'e  kept  in  the  body  by  fome  attradive  force  -,  till 

they 
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they  be  fhaken  off  by  the  vibrating  motion  of  the  Fig» 
body,  and  thrown  beyond  the  reach  of  attradion ; 
the  contrary  power  of  repulfion  then  begins,  and 
drives  it  away  with  amazing  velocity.  Light  is 
adted  on  entirely  by  attradion,  by  refradion  in  a 
denfe  medium,  being  made  towards  the  perpendi- 
cular. 

Cor.  2 .  ms  power  which  a5is  upon  light  is  inji*- 
nitely  Jlronger  than  the  force  of  gravity. 

For  the  velocity  of  light  being  furprifingly  great, 
and  the  fmall  diilance  the  a6tive  force  extends  to, 
makes  the  time  of  ading,  fmall  beyond  all  com- 
prehenfiolL  And  therefore  in  fuch  an  infinitely 
fmall  timb,  the  finite  force  of  gravity  would  have 
no  mafio^r"  of  eff^dt. 

Cor.  3.  'The  force  of  repulfion  ailing  on  lights  de- 
er eafes  very,  fafi  in  regard  to  the  diftance  \  fo  that  in    \ 
a  very  ffmll^  fpaee  it  becomes  nothing.  ^  ' 

The  for'^e  of  gravity  decreafes  as  the  fquare  of 
the  dift^nee.  Biit-^this  force  being  reduced  to  no- 
thing in  a  very  fmall  fpace,  Ihews  that  it-  decreafes 
far  failer  than  in  that  ratio. 

Cor.  4.  Hence  bodies  and  light  aB  mutually  upon 
cne  another  \  bodies^  upon  light  by  ermtting^  refieping, 
refra^ing^  and  inflecting  it.  And  light  upon  bodies^ 
by  heating  them^  and  putting  their  parts  into  motion. 

For  adion  and  re-a6lion  are  always, equal  and 
contrary.  ^.  r^.^ 

Cor.  5.'  Black  bodies^  grozv  hot  foone^*^'  light 
than  any  other  bodies  ;  and  white  bodies  later. 

For  the.  light  falling  on  them  is  not  refleded, 
but  enters' the  bodies  •,  and  by  being  often  refledl- 
ed  and  refrgijled  within  it,  excite  a  briilc  motion 
among  th4 Internal  parts  of  it.  But  white  bodies 
refled  moft  of  the  lights  and  therefore  are  but  lit- 
tle affeded  by  it. 

P  R  %. 
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Fig. 

PROP.      XVII. 

^he  motion  of  light  is  not  injiantaneous^  hut  is  per- 
formed in  time\  and  fp ends  about  eight  minutes  in  pajf 
ing  from  the  fun  to  the  earth. 

This  is  proved  from  the  eclipfes  of  Jupiter's 
fatellites ;  for  when  the  earth  is  between  the  fun 
and  Jupiter,  thefe  eclipfes  happen  about  eight  mi- 
nutes fooner  than  they  ought  to  do,  by  the  rules  of 
calculation.  And  when  the  earth  is  beyond  the 
fun,  they  happen  eight  minutes  later  than  they 
ought  to  do.  The  reafon  is,  the  light  has  a  lefs 
diftance  to  move  over,  from  the  fatellites  to  the 
earth,  in  the  firll  cafe,  than  in  the  fecond,  by  the 
diameter  of  the  earth's  orbit.  And  therefore  the 
radius  of  the  earth's  orbit  requires  eight  minutes 
of  time  for  the  light  to  pafs  thro'  it. 

Cor.  //  is  very  probable^  that  the  rays  of  light  are  ' 
extremely  fmall  bodies^  proje^ed  with  incredible  velo- 
city from  the  luminous  body. 

For,  I .  It  is  the  property  of  a  body  to  move 
thro'  fpaces  which  are  proportional  to  the  times,  by 
a  uniform  motion ;  and  light  does  this.  2.  It  is 
aded  on  by  a  body,  when  is  is  refledled,  refraded, 
and  in^edted  ;  and  bodies  can  only  a6l  upon  bodies; 
3.  Light  cannot  be  increafed  or  diminifhed.  It 
can  only  be  increafed  in  any  place,  by  robbing  o- 
ther  places  of  its  light  \  and  it  can  only  be  dimi- 
nifhed by  conveying  it  to  a  different  place.  And 
all  this  may  be  done  with  bodies.  So  that  we  can- 
not increafe  it  in  one  place,  but  we  muft  decreafc 
it  in  another.  4.  Light  confills  of  parts  both  fuc- 
cefTive  in  the  fame  lines,  and  contemporary  in  fe- 
veral  lines.  For  in  the  fame  place  one  itiay  ftop 
that  which  comes  one  moment,  and  let  that  pafs 

which 
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which  comes  the  next  moment.  And  at  the  fame  Fig. 
time,  one  may  flop  it  in  one  place  and  Jet  it  pafs 
in  another.  For  that  part  of  the  light  which  is 
ilopt,  cannot  be  the  fame  with  that  which  is  let 
pafs.  And  all  thefe  properties  agree  with  what  we 
find  in  bodies. 

PROP.      XVIII. 

If  light  enters  into  a  denfe  medium^  and  in  its  mo- 
tion in  that  medium^  a  part  of  it  he  lojt^  fo  that  only 
the  part  p  gets  thro*  the  fpace  a.  Then  the  quantity 
of  light  which  gets  thro""  the  fpace  na  in  the  fame  con- 
tinued medium,  will  he  p^. 

I  take  it  for  granted,  that  if  any  quantity  of 
light  paffes  into  a  denfe  medium,  and  in  moving 
thro'  the  fpace  a  lofes  any  part,  as  -^-V  thereof;  if 
half  the  quantity  of  light  enters  it,  it  will  lofe  4^ 
of  that  half  in  the  fame  fpace  j  or  if  a  quarter  of 
the  light  enters  it,  it  will  lofe  -4o  of  t:hat  quarter, 
and  fo  on.  Therefore  there  will  always  be  a  certain 
part  of  the  incident  light,  get  thro'  equal  Ipaces. 

Suppofe  then  ~  the  light,  gets  thro'  the  fpace  a ; 
then  ~  of  that,  or  |  of  -§-  will  get  thro'  the  next 


fpace  a^  that  is,  —   will  get  thro'  2^,  and  ~  of  that 

91 

or  —    will  get  thro'  3^;  and  fo  on.  Therefore  —  I 


9^  .        .  .  9 

of  the  entring  light  will  get  thro'  the  Ipace  na. 
And  inftead  of  ~  putting  />,  the  quantity  of  light 
getting  thro'  the  fpace  na^  will  be  />". 

Cor  I.  If  I — p  he  the  light  lofi  or  defiroyed  in 
paffing  thro"  the  fpace  or  depth  a\  i — p^  will  he  the 
tight  lofi  in  paffmg  thro"  the  depth  na. 

Cor* 


4?  LIGHT    AND    COLOURS. 

JFig.       Cor.  2.   ^Ihe  light  tranfmitted  at  the  depth  ma^  is 
to  the  light  tranfmitted  at  the  depth  na^  as  f^  to  />". 

Cor.  3.  "The  light  tranfmitted  thro'  the  depth  a^  is 
to  the  light  tranfmitted  thro"*  the  depth  na^    as  i  to 

For  the  lights  tranfmitted  are  as  p  to  p\  that  is, 

as  I  to  ^      or  ^«— ^ ;    where  n  may  be  whole  or 

P 
fradtional. 

PROP.     XIX. 

ne  hrightnefs  of  an  ohjeEi  is  nearly  the  fame^  at 
nil  diflances  of  the  eye  from  it. 

For  if  the  eye  at  any  diftance  receive  any  quan- 
tity of  light,  at  half  that  diftance  it  will  receive 
four  times  the  light,  and  the  pi6lure  upon  the  re- 
tina will  be  four  times  as  big,  whence  the  denfity 
or  brightnefs  continues  the  fame.  Alfo  at  a  third 
part  of  the  diftance  it  receives  nine  times  the  light, 
and  the  pidure  in  the  eye  will  be  nine  times  as 
big ;    and   therefore   the  denfity  is  ftill  the  fame. 

Or  in  general  at  —  of  the  diftance,   n  times  the 
n 

light  comes  into  the  eye,  and  the  pidlure  is  n  times 

as  big,  and  the  denfity  the  fame  as  before,  becaufc 

n  times  the  light  is  fpread  over  n  times  the  fpace. 

PROP.     XX. 

^he  proportion  of  moon  light  to  day  lights  or  the 
Ught  of  the  fun ^  at  full  moon^  is  as  1  to  ^6  thoufandy 
nearly. 

For  the  moon's  radius  is  to  the  earth's  radius 
as  I  to  '^.6c.'^  and  fince  the  radius  of  the  moon's 
orbit  is  60  of  the  earth's  radii ;  therefore  the  ra- 
dius of  the  moon's  orbit,  or  its  diftance  from  the 
earth  is  60  X  2-^5  ^r  219  of  the  moon's  radii. 

Now 
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Now  fuppofe  equal  (paces  at  the  earth  and  moon  Fig. 
to  be  equally  illuminated  ;  and  that  the  whole  fur- 
face  of  the  moon  was  thus  equally  illuminated,  and 
the  light  refleded  therefrom  all  around,  fo  far  as 
the  furface  of  a  fphere  pafiing  thro'  the  earthy 
defcribed  from  the  moon's  center ;  then  all  this 
light  is  fpread  upon  this  furface  ;  and  confequently 
its  denfity  will  be  lefs  in  the  reciprocal  proportion 
of  thefe  furfaces,  or  reciprocally  as  the  fquares  of 
the  diameters.  That  is,  the  denfity  of  the  light  ac 
the  moon  (which  is  fuppofed  the  fame  with  day- 
light) is  to  the  denfity  at  the  earth  (refleded  from 
the  moon) ;  as  the  fquare  of  219  to  i,  or  as  47961 
to  I.  But  fince  in  reality,  there  is  not  fo  much 
light  falls  on  the  moon,  being  no  more  than  what  \ 
falls  on  her  difk,  and  her  difk  being  but  half  her  he-  i 
mifphere ;  the  denfity  of  light  at  her  furface,  upon 
each  hemifphere  will  be  but  half  as  much.  And 
it  matters  not  whether  any  falls  upon  the  oppofite 
difk  or  not,  for  (by  the  rule  of  proportion)  that 
would  all  be  refleded  to  the  oppofite  hemifphere, 
and  does  not  concern  us,  who  are  oppofed  to  the 
full  moon.  Therefore  it  will  now  be,  as  day -light, 
to  moon-light;  fo  is  47961  to  ^,  or  as  95922  to  i, 
or  in  round  numbers  as  96000  to  i. 

Cor.  1 .  Moon4ight  is  to  day-light ;  as  half  the 
fquare  of  the  moon's  radius ^  to  the  fquare  of  the  moon's 
diftance^  when  fhe  is  full.  And  in  the  quadratures^ 
as  ^  the  fquare  of  the  moon's  radius^  to  the  fquare  of 
the  moon's  dijiance. 

After  the  fame  manner  may  be  found  the  light 
of  any  other  celefl:ial  body,  compared  with  day- 
light •,  let  it  be  Venus,  Let  d  zz  fun's  difl:ance 
from  the  earth,  v  zz  Venus  difl:ance  from  the  fun, 
a  zz  her  difliance  from  the  earth,  r  ~  her  radius. 
Then  if  Venus  and  the  earth  were  equally  illumina- 
ted by  the  fun,  then  is  her  light  to  day-light  :  : 
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Fig.  ^rr  :  aa.     But  Venus  being  nearer  the  fun,  is  more 

enlightned  in  the  ratio  of  -^  to  i  ;   therefore  her 

light  is  to  day-light  :  :  ^rr  x  —   :  aa  \  :  ^  rrdd : 

vv 

vvaa.  But  fince  in  her  quadratures,  d  zz  a  nearly, 
therefore,  Venus's  light  is  to  day-light  •,  as  ^rr  to 
vv.  And  that  is  as  i  to  804.000000,  nearly. 
Hence, 

Cor.  2.  The  light  of  Venus  in  her  quadratures^  is 
to  day -light  •,  as  1  to  Zoo  millions. 

This  is  fuppofmg  the  radius  of  Venus,  to  her 
diflance  from  the  fun,  to  be  as  i  to  14200. 

Cor.  3.  Hence  the  light  of  the  moon  is  8000  times 
as  great  as  the  light  of  Venus.  Suppofing  they  both 
cf  them  refieft  all  the  light  that  falls  on  them. 
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B  O  O  K     II. 

Catoptricsj    or   Reflected 
Vision. 

.  >j  J ■  ,  i     •  •       I  ■  I'll  .    .1-  ■  I  I  ^la, 

DEFINITIONS. 

D  E  F.     I. 

r^A'TO  P 'TRIGS,  treats  about  that  part  of  Op-  Fig. 

tics,  which  relates  to  feeing,    or  making  the 
pictures  of  objeds  by  refleded  light. 

D  E  F.     11. 

A  Speculum  or  Mirror  is  any  polifhed  furface, 
commonly  of  glafs  or  metal,  which  reflects  the 
rays  of  light  -,  and  may  be  either  plain^  concave^ 
or  convex.  The  glafs  ones  are  commonly  quickfii- 
vered  over  on  the  backfide  •,  to  make  the  reflexioa 
ilronger. 

PROP.      I. 

If  a  ray  of  light  he  reHeoied  from  a  plain  fur  face  ; 
the  angle  of  reflexion  will  he  equal  to  the  a?igle  of  in^^ 
ddence. 

It  is  fliewn  in  Prop.  XVI.  that  the  rays  of  light 
in  being  refledled  or  refraded,  are  a6ted  on  by  the 
bodies  they  come  near,  by  repelling  or  attrafting 
them.  And  thefe  forces,  be  what  they  will,  mull: 
a6l  in  lines  perpendicular  to  the  furfaces  of  thef^ 
bodys ;  and  that  force  mufc  be  equal  at  equal  dif- 
tances  from  the  refleding  or  refrading  furfa(;e. 

E  2  Let 
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Fig.  Let  AB  be  the  incident  ray,  CD  the  reflefteJ 
14.  one.  RS  the  refledting  furface,  PQRS  the  infinitely 
thin  fpace,  within  which  the  repulfive  force  of  the 
body  is  contained,  AB;;^CD  the  progrefs  of  the 
ray.  Draw  an  infinite  number  of  lines  parallel  to 
PQ^or  RS,  fuch  as  nt^  oq.  Then  fince  the  repul- 
five force  begins  at  B,  it  will  continually  bend  or 
infled  the  ray,  into  the  curve  ^om^  till  it  comes  to 
its  lowed  point  niy  where  it  will  be  parallel  to  the 
refle(5ting  furface.  Afterwards  it  will  recede  from 
the  plane  SR,  defcribing  the  curve  mqC  And 
fince  the  forces  are  equal  at  the  equal  diftances  0 
and  ^,  n  and  /,  &:c.  therefore  the  particle  of  the 
curve  mq^  will  be  equal  and  fimilar  to  the  particle 
om^  and  qt  to  on.  And  for  the  fame  reafon,  all 
the  particles  of  the  curve  ;;7^C  will  be  equal  and 
fimilar  to  the  correfponding  particles  of  the  curve 
ino^  ;  and  therefore  the  whole  htqQ  will  be  e.qual 
•and  fimilar  to  the  whole  mo^.  And  confequentiy 
the  angles  at  C  and  B  will  be  equal ;  and  the  angle 
of  reflexion  equal  to  the  angle  of  incidence,  being 
their  complements. 

Cor.  I  If  a  ray  of  light  he  refieBed  from  any  point 
cf  a  curve  furface ;  the  angle  of  reflexion  is  equal  to 
the  angle  of  incidence. 

For  it  is  the  fame  thing  as  if  it  was  refleded 
from  a  plane  touching  the  curve  in  that  point. 

Cor.  2 .  The  ray  of  incidence  and  reflexion  are  both 
in  a  plane ^  perpendicular  to  the  refle^ing  furface^  in 
the  point  of  incidence. 

For  there  is  no  force  a6ling  out  of  that  plane. 

Cor.  3.  A  ray  of  light  falling  perpendicular  to  any 
furface^  is  reflected  hack  in  the  fame  perpendicular. 
But  moving  parallel  to  ity  will  continue  fo. 


Cor. 
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Cor.  4.  If  the  refle5led  ray  at  O,  return  hack  /^r^'Fig. 

OS,  //  vjillbe  refie5ied  to  R.  14- 

Scholium. 

The  curve  '^omqQ  defcribed  by  the  ray  of  light, 
is  fo  extremely  fm all,  that  it  may  be  looked  upon  as 
a  fingle  point.  And  therefore  the  points  B  and  C 
may  be  luppofed  to  coincide. 

PROP.      II. 

If  rays  proceeding  from  a  radiant  point  R  fall  upon  j  r^ 
a  refle5iing  plane  furf ace  PL  •,  the  focus  of  the  refieU- 
ed  rays^  will  be  at  F,  in  the  line  RF  perp.  to  the  re- 
fleeing  fur  face  \    and  as  far  on  the  other  fide  of  it. 
'That  is  PF  =  PR. 

For  fince  RPF  is  perp<  to  PL ;  let  RS  be  any 
iBcident  ray  ;  and  SO  the  refledled  ray.  Produce 
OS  backward  to  F.  Then  (Prop.  I.)  <  PSR  - 
<i  LSOzzPSF.  Therefore  in  the  right  angled  tri- 
angles PSR,  PSF  -,  all  the  angles  are  refpedively 
equal,  and  PS  common;  therefore  RF  equal  PF. 
Therefore  the  reflefted  ray  SO  proceeds  from  F, 
in  the  perp.  RF,  fo  that  PF  zr  PR.  And  by  the 
fame  reaibning,  if  RN  be  any  other  incident  ray,- 
its  refleded  ray  NH  will  proceed  from  F.  And 
therefore  F  is  the  virtual  focus  of  all  the  refledted 
rays,  which  therefore  all  diverge  from  F. 

Cor.  I .  ^he  difiance  of  the  focus  F  from  the  eye  at 
O,  is  equal  to  the  incident  and  reflected  rays  taken  to-^ 
get  her,  OF  z=  OS  +  SR. 

For  OF  zi  OS  +  SF  zz  OS  -f  SR. 

Cor.  2.  Rays  converging  to  F,  and  refle^ed  hy  the 
plane  PL,  converge  to  R. 

Cor.  3.    If  rays  proceeding  from  an  ohje5f  at  R  h'e 

refie^ed  by  the  plane  PL  to  an  eye  at  O  >  the  ohjeM- 

E  ^  iml. 
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Fig.  will  appear  to  be  placed  at  F,  the  focus  of  the  refieS^- 
I  a.  ed  rays^  where  they  laft  diverged  from. 

For  we  always  judge  an  objedl  to  be  in  that  place, 
from  whence  the  rays  proceed  diredly  to  the  eye  \  . 
which  here  is  from  F. 

PROP,     III. 

1 6.  If  rays  proceeding  from  a  radiant  point  R,  fall  up- 

17.  on  any  point  S  of  a  reflecting  fpherical  fur  face  VSj 
and  F  he  the  focus  of  the  refle^ed  rays  •,  it  will  he^ 
SR  :  CR  :  :  SF  :  CF.  C  being  the  center  of  the 
Jphere, 

For  {fig,  16.)  the  angle  of  reflexion  CSF  being 
equal  to  the  angle  of  incidence  CSR  (Prop.  I.J; 
therefore  the  angle  RSF  is  bifedled  ;  and  therefore 
(Geom.  II.  25.)  SR  :  SF : :  CR  :  CF. 

And  {fig.  17.)  draw  FA  parallel  to  RS,  and  pro- 
duce CS  to  B ;  and  if  FSD  be  the  refledled  ray, 
then  the  angle  FSA  —  BSD  zz  (Prop.  I.)  BSR  =: 
SAF  ;  therefore  SF  zz  AF.  Then  by  the  fimilar 
triangles  CRS  and  CFA,  SR  :  CR  :  :  AF  or 
SF  :  CF. 

Cor.  I.  If  the  radiating  point  R,  and  the  focus 
F,  he  hoth  on  one  fide  the  refle5ling  furface.  If  the 
rays  diverge  from  one^  they  converge  to  the  other. 

Cor.  2.  If  the  radiating  point  R  and  focus  F  he 
en  different  fides  of  the  refleCling  fur  face  \  if  the  rays 
diverge  from  one^  they  diverge  from  the  other.  But 
if  they  cortverge  to  one^  they  converge  to  the  other^  hy 
refle5iion. 

Cor.  3.  7/^  R  is  at  an  infinite  difiance^  then  SF  =: 
CF. 

For  then  CR  zz  SR,  and  confequently  CF  iz 
SF. 

Cor. 
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Cor.  4.  If  R  is  the  radiant  point  -,  make  the  <  Fig. 
RSC  rz  CSF,  or  RSB  zz  BSD,  and  draw  SF,  or  16, 
DSF,  and  F  is  the  focus  of  the  refle5Ied  rays.  1 7. 

Cor.  5.  'I'he  focus  of  rays  proceeding  from  any  ra- 
diant point  R ;  is  in  the  line  RCV,  joining  the 
point  R  and  the  center. 

For  taking  Ys  zz  VS,  the  focus  is  in  the  place 
where  the  rays  meet,  which  are  refle6led  from  all 
points  of  the  arch  Sj.  Let  RS,  Rj  be  two  corre- 
fpondent  ones,  then  the  angles  SRF,  jRF,  being 
equal,  and  alfo  RSF  and  RjF  ;  therefore  SF,  jF 
will  meet  fomewhere  in  the  line  RCV,  at  F. 

Cor.  6.  Afmall  ohje£i  placed  in  the  center.,  cannot 
he  feen  by  reflexion.  Or  the  eye  placed  in  the  center^ 
can  fee  nothing  by  reflexion. 

For  all  the  rellecSted  rays  go  alfo  to  the  center. 

P  R  O  P.      IV. 

.  If  .VA  be  a  refle5iing  fpherical  furface.,  whofe  cen-  1 8. 
ter  is  C.     And  if  a  ray  of  light  RA  {or  GA)  pa- 
rallel to  CV,  fall  upon  A,  and  be  refle5led  to  F.  Dram 
the  tangent  AT  ;  then  will  TF  zi  FC. 

For  CAT  being  a  right  angle,  and  (Prop.  I.}: 
<;  CAF  being  iz  angle  CAR  -,  we  fhall  have 

CAT  zz  RAF  +  FAG 

.  — — — — — - ,,, 

2 

and  CAF  =  RAF 


2 


then  by  fubtraftion  FAT  ~  FAG  zz  TAGrz ATF5 

2 
therefore  TF  z=  AF  =  FC,  becaufe  <;  CAF  zn 
CAR  zi  ACF. 

Cor.  I.  Hence  FC,  FA,  FT,  are  all  eq^ud  to  one 
another. 

Cor.  2,  The  tangent  AT  bife5ls  the  angle  F AG\ 
E  4  Cor. 


^6  CATOPTRIC  S. 

Fig.      Cor.  g.  If  CQ^n:  Q  V,  then  Q  is  (he  f ecus  of  the 
iS.  rays  falling  on^^  or  the  principal  focus. 

Cor,  4.  And  QF  (  r:  ^^Z/"  TV)  /j  the  fpace  on 
which  all  the  rays  fall  that  come  from  the  whale  fur- 
face  AV. 

^9*  Cor.  5.  If  AV  ^^  ^»)'  r/^rz;^,  and  a  ray  of  light 
RA  {cr  GA)  3^  reflected  into  the  line  AH.  i/"  VL 
le  drawn  parallel  to  h^.,  and  Al^  perp.  to  the  curve 
at  A.     Then  AH  zz  HL. 

For  produce  AL  to  C,  that  AC  may  be  the 
radius  of  curvature  in  A ;  draw  CF  parallel  to  VL, 
and  produce  AH  to  interfed  it  in  F.  Then  F  is 
the  focus  of  the  rays  refledled  by  the  circle,  pafTing 
thro'  A,  and  therefore  of  the  portion  of  the  curve 
at  A  that  coincides  with  it.  Therefore  (Cor.  i.) 
CF  z:  AF,  and  confequently  (by  fimilar  triangles) 
LH  zz  AH. 

Cor.  6.  PFhen  parallel  rays  fall  on  the  furface  of  a 
fphere^  thofe  near  eft  the  vertex  ^  have  their  focus  near- 
eji  the  center, 

PROP.      V. 

20,  If  aYA  he  a  fmall  portion  of  a  reflecting  fpherical 

2 1 .  f^^f^^^->  C  its  center^  V  its  vertex  \  R  the  radiant 
pointy  from  or  towards  which  the  rays  flow  •,  F  the 
focus  after  reflexion  at  A.  Then  it  will  he  VR  :  VF 
:  :  CR  :  CF,  nearly. 

For  (Prop.  III.)  If  A  be  the  point  of  incidence, 
it  is  AR  :  AF  :  :  CR  :  CF.  But  the  arch  VA  be- 
ing extremely  fmall,  AR  rz  VR,  and  AF  zz  VF, 
very  near.     Therefore  VR  :  VF  : :  CR  :  CF. 

Cor.  The  points  R,  F  are  conjugate  foci  to  one  a- 
nother ;  that  is^  if  R  be  the  radiant  pointy  F  will  he 
the  focus  ;  or  if  F  be  the  radiant  pointy  R  will  he  the 
jccus,    IVhere  I  ufe  radiant  points  in  a  general  fenfe^ 

for 
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for  the  pointy  which  the  rays  either  diverge  from^  or  Fig, 
converge  to^  before  reflexion, 

PR  O  P.      VI. 

If  dVA  he  a  fmall  portion  of  a  reflecting  fpherical  22. 
furface^  whofe  center  is  C,  and  V  its  vertex.  And 
if  parallel  rays^  or  thofe  from  an  infinite  diftance^  as 
RA  or  GA,  fall  upon  it,  and,  F  be  the  focus  of  the 
refle5fed  rays  \  then  F  is  in  the  middle  of  the  radius 
VC,  or  VF  =  FC. 

For  (by  the  laft  Prop.)  VR  :  CR  :  :  VF  :  CF. 

But  becaufe  R  is  infinitely  diftant,    VR  =:  CR, 
therefore  VF  ~  CF. 

Cor.  I .  Rays  diverging  from  F,  the  middle  point 
cf  the  radius^  or  converging  to  F,  and  refieCied  by 
the  fpherical  furface  VA  :  will  after  reflection  go  pa- 
rallel to  one  another. 

Cor.  2.  A  luminous  body  placed  in  F  the  middle 
point  of  the  radius^  will  caft  a  light  to  a  great  difiance^ 
by  reflexion  from  the  concave  furface. 

Cor.  3.  ne  principal  focus  of  a  reflecting  fpheri-^ 
cal  furface y  is  in  the  middle  point  of  the  radius  at 
F.  And  the  principal  focal  difiance  FV,  is  half  the 
radius, 

PROP.      VII. 

Let  Aa  be  a  fmall  pat  t  of  a  reflecting  fpherical  fur-  23^ 
face\  C  the  center^  V  the  vert  ex  ^  P  the  principal  24, 
facuSy  R  the  radiating  point  (or  that  which  the  rays 
diverge  from^  or  converge  to^  before  reflexion).     And 
if  F  be  the  focus  after  reflexion^  then  will  PR,  PC 
or  PV,  and  PF,  be  in  continual  proportion. 

For  (fig.  23),  fince  VF  —  PF  iz  PF  +  FC, 
therefore  VF  —  FC  =  2PF.     But  (Prop.  V.)  VR 

:VF 
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Fig.  :  VF  r:  CR  :  CF;  by  divifion  VR  :  VF  : :  VR  — 

23.  CR  (VC):VF  — CFr2PF)  :  :  2VP  :  2PF  ::  VP  : 

24.  PF.  And  again,  by  divifion  VR  :  VF  :  :  VR  — 
VP  (PR) :  VF  —  PF  (VP),  Therefore  PR  :  VP 
:  :  VP :  PF. 

And  (Jig.  24.)  VR  :  VF  :  ;  CR  —  VR  (CV  or 
2VP)  :  CF  —  VF  (2PF)  :  :  VP  :  PF.  And  by 
addition;  VR  :  VF  :  :  VR  +  VP  (PR)  :  VF+PF 
(VP.)     Therefore  PR  :  VP  :  :  VP :  PF. 

Cor.  I.  F  and  R  are  conjugate  foci  to  one  another^ 
end  lye  always  the- fame  way  from  P. 

.  Cor.  2.  The  reUangle  of  the  dijlances  of  the  radi- 
ant pointy  and  of  the  focus  ^  from  the  principal  focus  \ 
is  equal  to  ~  the  fquare  of  the  radius  of  the  fphere, 
PRXPF  iz^VC\ 

Cor.  3.  The  principal  focal  dijlance^  is  equal  to  the 
reB angle  of  the  diflances^  of  the  focuSy  and  of  the  ra- 
diant pointy  from  the  vertex^  divided  by  the  fum  or^ 
difference  of  thefe  dijlances ;  according  as  F  and  R  are 

VRxVF 

en  the  fame  or  different  ftdes  of  V.    VP  zi  > 

For  we  had  VR :  VF  : :  PR  :  PV.  And  VR"xPV 
=::  VF  X  PR  1=  VFx  VR+ VP,  and  PVxVR  +  VF 
=  VFxVR. 

Cor.  4.  i)^R  he  the  radiant  pointy  F  its  correfpon- 
dent  focus  ;  or  R  and  F,  conjugate  foci  \  the  di fiance 
cf  that  focus  F,  from  the  principal  focus  P,  or  PFzi 

VF* 

: — :  according  ^s  F  and  R  are  on  the  famt 

VR  + VF  ^  -    . 

or  different  Jides  of  V. 

For   PF  zz  VF  —  VP  =  VF  —  YL^iX?  =; 

VR  +  VF 

^^^  OrPF  =  VP-VF::z^Rx^F 


VR+VF  VR— VF 

VF^ 

VF  =  -_ : 

';     VR— VF  ScHO- 
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Scholium.  22, 

The  3  laft  propafitions  lay  the  foundation  of  all  24. 
that  is  pradicable  in  Optics,  fo  far  as  refledted  light 
is  concerned.  For  no  curve  whatever  is  made  ufe 
of  to  refled  the  rays  of  light,  except  the  fphere  j 
no  method  being  yet  found  out  to  grind  glafles 
accurately  into  any  other  curve.  And  in  ufmgfpheri- 
cal  furfaces,  a  fmall  fegment  only  is  to  be  taken  \  be^ 
caufe  the  parts  of  the  furface  remote  from  the  ver- 
texy  refled  the  ray§  to  different  focus's  ;  which  are 
fo  much  further  from  the  principal  focus,  as  the 
refledting  part  is  further  from  the  vertex.  And 
therefore  if  a  large  fegment  was  ufed,  the  rays 
from  any  fmgle  point  of  an  objed,  could  not  be 
brought  to  a  fmgle  point  in  the  focus,  which  woiild 
be  attended  with  a  deal  of  confulion. 

The  following  proportion  gives  a  general  rule 
for  determining  the  foci  of  all  glaffes  univerfally 
whether  convex  or  concave  y  and  whether  the  ray^ 
diverge  or  converge,  and  from  whatever  diftances, 
finite  or  infinite^  they  proceed. 

PROP.     VIII.      ProL 

Let  Aa  he  a  fmall  port  ion  vf  ^r  refleSling  fphefical  2^. 
furface^  Q  its  center^  'K  the  radiating  point,    'To  find 
F  the  focus  of  the  rays  after  reflexion. 

Put  the  dtftan'ce        VR  iz  d  ^  , 

radius  of  the  fphere  CV  ~  r 

focal  dijlance  VF  iz:/. 

Then  f  zz  ■    ■  - — ,  very  near,    Where^,  if  the 
2d-\-  r 

rays  converge^  or  AV  he  concave  ^  d  or  r  will  he  ne- 
gative. 

For  CR  z=  ^ -f  ^  and  CF  :^  r—f.  And  (by 
Prop.  V.)  VR  :  VF  :  :  CR  :  CF ;  that  is,  difii 

d  -i-  r 


6o  CATOPTRICS. 

Fig.  d  +  r  :  r — /.     Whence  dr  —  df  =.  df  +  rf^  and 

dr 


^^*  dr  zz  2df  +  rf'y  and  reduced,  /  zz 


id-^-r 


Cor.  I .    If  d  is  infinite^  or  R  w  at  an  infinite  dif- 
tance^  then  r  vanijhes^  and  f  zz  ir. 

Cor.  2.  If  R  is  on  the  concave  Jide^  d  is  negative^ 

and  f  z=.  — IZJL.-  that  is^f  zz  — - — .  And  more- 
_2J4-r  2d—r 

every  if  r  is  infinite^  as  in  a  -plane  furface^  f  zz  —  d. 

Con  3.    If  r  is  negative^  or  the  refieBing  furface 
concave  towards  R,  then  f  zz  — ,  that  isy  f  zz 

dr 

• 

r-^id 

Cor.  4.  If  AV  is  concave  towards  R,  and  d  infi- 
nite^ then  r  is  negative^  and  f  zz  — — ,    that  isy  f 

2d 

zz—ir. 

Cor.  5.  If  it  is  a  flane  furface^  then  r  is  infinite^ 
end  f  zz  d. 

And  many  other  corollaries  may  be  deduced. 

Scholium. 

It  is  eafy  to  know  whether  the  focus  be  real  or  virr 
tual,  by  the  diredion  and  motion  of  the  rays ;  that 
is,  by  their  converging  or  diverging  after  reflexion. 

From  this  general  folution  it  is  plain,  that  when 
the  focal  diftance  comes  out  affirmative,  it  is  to  be 
taken  right  forward ;  but  if  negative,  it  muft  be 
taken  backward,  from  the  vertex. 

From  this  Prop,  feveral  other  Problems  may  be 
refolved.  As  if  it  was  required  to  know,  what 
muft  be  the  radius  of  a  fphere,  to  reprefent  the 

given 
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given  objed  R,  at  the  given  focus  F.     Here  r  is  Fig. 
to  be  found  from  the  equation /=:  — -^  ;    multi-  ^S- 
ply  by  2^  4- rand  we  have  2df+rf  zzdr,  and 
^  — /r  iz  2df,  whence  r  —  ^^  ,    the   radius  of 

the  fphere.  From  this  equation,  it  is  plain,  that 
if  i  be  greater  than  /,  the  refle6lor  will  be  con- 
vex towards  the  objed:.  But  if  /  be  greater  than 
d,  r  will  come  out  negative,  and  the  refleclor  will 
be  concave  to  the  obje6t.  If  d  be  equal  to/,  r 
comes  out  infinite,  and  in  this  cafe,  the  fpeculum 
mufl  be  a  plane  furface. 

Again,  if  it  be  required  to  find  the  diftance  of 
an  objed  R,  from  the  given  fpeculum  AV,  to 
have  the  focus  at  the  given  place  F.     Here  we 

dT 
want  to  find  J,  from  the  equation  /  n  — - — ;  by 

2^+r 

multiplying,  we  have  idf  +  rf  zzdr^  and  tranf- 

rf 

pofing,    dr  —  2df  zz  rf^    whence  d  zi     -^  ■    ,  the 

diftance  from  a  convex  fpeculum.     But  if  the  fpe- 

rf 
culum  be  concave  to  the  objed,  then  d  —      -^ 


r-^2f 

Hence  in  a  convex  fpeculum  if  r  be  greater  than 
2/,  the  objed  will  be  on  the  convex  fide.  But  if 
2/  be  greater  than  r,  it  will  be  on  the  concave  fide. 
And  if  r  zz  2/,  the  diftance  of  the  objed  will  be 
infinite ;  and  /  will  be  the  focal  diftance  of  parallel 
rays. 

The  principal  focus  of  a  refleding  fpherical  fur- 
face  may  alfo  be  found  by  experiments,  as  follows. 

I.  For  a  concave  refledor.  Hold  it  diredly 
before  the  fun,  and  hold  a  bit  of  paper  before  it 
to  receive  the  refleded  light.  Move  this  paper 
back  and  forward  till  the  white  fpot  of  light  be  the 
leaft  pofiible,  and  that  is  the  focus. 
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Fig.     Or  thus^  cover  it  with  paper  having  feveral  pin 

25.  holes  made  in  it.  Then  hold  a  piece  of  paper 
before  it,  and  you'll  fee  fo  many  white  fpots  on  it 
made  by  the  light  refleded  thro'  the  pin  holes^ 
Move  the  paper  back  and  forward,  till  they  all  co- 
incide, and  there  is  the  focus. 

2.  For  a  convex  refledor.  Cover  it  with  paper, 
having  two  pin  holes  made  in  it  on  contrary  fides. 
Then  expofe  it  to  the  fan  beams,  and  hold  another 
paper  before  it,  having  a  hole  made  in  it  fo  big  as 
to  let  the  fun's  rays  pafs  thro'  to  the  two  pin  holes. 
Then  you  will  fee  two  white  fpots  of  reflected 
light  on  each  fide  the  hole.  Move  the  paper  back 
and  forwards,  till  the  diftance  of  the  fpots  be  twice 
the  difcance  of  the  holes  in  the  cover,  firft  marked 
upon  the  paper.  Then  the  diftance  of  the  paper 
from  the  lens  is  the  principal  focal  diftance. 

PROP.     IX. 

26.  If  rays  flow  from  one  focus  'K  of  a  fpheroid  or  hyper^ 
boloid  B A ;  they  will  he  refleded  by  the  curve  furface^ 
into  the  other  focus  F. 

For  (Conies,  B.  I.  Prop.  X.)  the  lines  AR,  AF 
drawn  to  the  foci  of  an  ellipfis,  make  equal  angles 
with  the  curve  •,  and  therefore  the  angle  of  inci» 
dence  is  equal  to  the  angle  of  reflexion.  And  the 
fame  is  true  of  the  hyperbola  (ib.  B.  11.  Prop.  IX.) ; 
therefore  if  RA  be  the  incident  ray,  AF  will  be 
the  refleded  one. 

Cor.  Hence  F  is  the  real  focus  in  the  ellipfis^  and 
only  a  virtual  focus  in  the  hyperbola. 


PROP, 
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PROP.      X. 


Kicr. 


If  rays  R  A ,  parallel  to  the  axis  of  a  paraboloid  B  A ,  27. 
he  refie£fed  by  the  fur  face  thereof  \  they  will  all  he  re- 
fe5led  into  F  the  focus  of  it. 

For  (by  Prop.  VIIL  Cor.  3.  B.  III.  Conies),  the 
line  FA  drawn  to  the  focus,  and  R A  parallel  to  the 
axis,  make  equal  angles  with  the  curve  at  A. 
Therefore  if  RA  be  the  incident  ray,  AF  will  be 
the  reflected  one. 

Cor.  Rays  proceeding  from  the  focus  F,  will  he  re- 
fieEted  by  the  furface  of  the  paraboloid^  parallel  to  the 
axis, 

PROP.      XL 

Wherever  the  rays^  which  come  from  all  the  points 
of  an  ohje5l^  meet  again  in  fo  many  other  points^  after 
they  have  been  made  to  converge  .by  rejiexion  \  there 
they  will  make  the  piEiure  of  the  object  upon  a  white 
paper^  or  any  white  body. 

For  if  PR  be  any  objeft,  Aa  a  concave  fpecu-  28. 
lum,  the  rays  that  diverge  from  any  point  (X  fall 
upon  the  fpeculum  A^,  and  are  refieded  to  their 
focus  ^,  where  they  all  meet,  and  upon  a  white 
paper  held  there  give  q  the  image  of  Q^  In  like 
manner  the  light  which  diverges  from  P,  will  be 
refledled  from  the  fpeculum  to  their  focus  p.  And 
all  the  light  diverging  from  R,  will  be  refieded  to 
their  focus  r.  And  thus  from  every  point  in  the 
objed,  the  light  will  be  refleded  to  fo  many  corref- 
pondent  points  in  the  focus  ♦,  and  will  form  there 
the  pidure  pq^r^  of  the  objed  PQR,  in  its  proper 
fhape  and  colours  ;  but  fometimes  the  pidure  will 
be  inverted ;  as  in  this  figure,  where  the  upper 
end  is  downward,  and  the  right  to  the  left  hand. 

Cor. 
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Fig.      Cor.   I.    ne  rays  of  light  flowing  from  all  the 

28.  points  of  an  ohje5f  PR,  paint  the  image  thereof  pr  in 
the  real  focus  q ;  and  it  may  be  feen  there  hanging  in 
the  air^  by  an  eye  at  O,  placed  at  a  proper  diftance^ 
and  Situation  to  receive  the  rays  coming  from  it. 

Cor.  2.  'Hhe  extreme  point  of  the  image^  as  r,  is 
determined  by  the  extreme  r^y  Rr  drazvn  thro*  the 
center  C. 

PROP.      XII. 

^'he  image  of  a  right  line  made  by  a  reflecting  plane 
furface^  is  alfo  a  right  line. 

29.  Let  AB  be  a  refieding  plane,  PR  a  right  line, 
Q  the  middle  point  of  it.  Draw  P/>,  Q^,  Rr, 
perpendicular  to  the  plane  AB,  cutting  it  in  D,  I,  L. 
And  make  D/)  —  DP,  \q  zz  IQ,  and  Lr  =  LR, 
then  (Prop.  II.)  ^,  ^,  r,  will  be  the  foci  of  P,  Q,  R ; 
and  pr  the  image  of  PR.  "Whence  the  figure 
DPQRL  is  fimilar  and  equal  to  the  figure  D/'^rli, 
by  conftru6tion.  And  therefore  fmce  PQR  is  a 
right  line,  pqr  is  alfo  a  right  line. 

Cor.  I .  Hence  the  image  of  a  plain  figure^  feen  in 
a  reflecting  plain  furface^  is  alfo  a  plain  figure^  equal 
and  fimilar  to  the  figure  it f elf 

For  all  the  right  lines  drawn  in  it,  are  reprefen- 
ted  by  right  lines,  equal  to  thofe  in  the  expofed 
figure.  And  therefore  the  figure  and  its  image 
are  equal  and  fimilar. 

^o.  Cor.  2.  *The  image  of  any  chje5l^  made  by  an  up- 
right reflecting  plane^  has  its  parts  in  a  contrary  po- 

fition^  the  left  fide  being  to  the  rights  and  the  right 
to  the  left  hand  \  the  difference  being  the  fame  as  the 

feal^  and  its  print  on  the  wax.  But  in  a  horizontal 
reflector^    the  objeCl  will   appear    upfide  down ;    the 

parts  lying  to  either  hand^  remaining  the  fame  as  in  the 

object,  .  For 
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For  if  ABC   be  a  perp,  refledor;   the   objedFig. 
PQR,  making  the  image  pqr^  where  P  on  the  left  30* 
being  neareft  the  glafs,  will  be  reprefented  by  p 
on  the  right  hand,  alfo  neareft   the  glafs.     But 
Handing  at  D  and  viewing  the  upright  objed  PQR, . 
in  the  refledor  ABC,  laid  horizontally  ;  the  loweft 
point  P,  neareft  the  glafs,  will  be  reprefented  by 
the  higheft  point  />,  alfo  neareft  the  glafs  ;  whilft 
R  and  r  are  on  the  right,  and  Q,  q  on  the  left. 

Cor.  3.  What  has  been /aid  of  the  image  of  an  oh* 
je5ii  is  alfo  true  of  the  image  of  an  image* 

Cor.  4.  Changing  thefituation  of  the  eye^  does  not 
at  all  change  the  Jituation  of  the  image  •,  //  will  al- 
ways appear  in  the  fame  place,  whilfi  the  ohjetl  and 
refleSlor  are  fixt. 

Cor.  5.  When  an  ohje5l  isfeen  hy  a  plain  fpeculum  \ 
its  image  appears  as  far  behind  the  fpeculum,  as  the  oh* 
je£i  is  before  it, 

PROP.      XIII. 

If  AVa  be  a  fpherical  refe^or,  the  obje5l  PQR  an  ^r, 
arch  of  a  circle,  having  the  fame  center  C,  its  image  32. 
pqr,  by  reflexion,  will  alfo  he  an  arch  of  a  circle,  ha- 
ving the  fame  center  C.     And  its  image  will  he  dire£i 
or  inverted,  according  as  it  is  on  the  fame  or  different 
Jide  of  the  center  C,  with  the  object. 

Here  p  is  the  focus  of  P,  ^  of  Q^  and  r  of  R. 
Let  e,  f,  g,  be  the  principal  foci,  of  the  points 
A,  V,  a,  of  the  reflefting  furface.  Then  (Prop.  VII.) 
we  have/Q^:  /C  (/V  :  fq,)  in  continual  proportion, 
and  ^R  :  ^  :  ^r  •,  alfo  e?  :  eQ  :  ep,  alfo  in  conti- 
nual proportion.  But  the  tv\^o  firft  terms  are  the 
fame  in  all,  and  therefore  the  laft ;  that  is  fq  =: 
gr  zz  ep.  And  fince  /C  zz  gQ  zz  eC,  tlie  fums  or 
F  remainders 
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Fig.  remainders  will  be  equal,  qC  zurC  n:  /C,  therefore 

31.  rpq  is  the  arch  of  a  circle  whofe  center  is  C. 

^2.      And  (ince  the  rays  crofs  at  the  center  C/if  the 

image  be  on  the  fame  fide  of  C  as  the  objed,  it 

will  be  in  the  fame  pofition ;  but  on  different  fides, 

in.  a  different  poiition. 

Cor.  I.  The  length  of  the  ohj e^  PR^  is  to  the 
length  of  the  image  pr  ;  as  CP  the  ohjeEfs  difiance 
from  the  center^  is  to  Qp  the  difiance  of  the  image  from 
the  center. 

Cor.  2.  On  the  contrary^  if  p^'^  ^^  ^  circular  ohjeB^ 
its  image  PQR  will  alfo  be  a  circular  arch  concentric 
with  the  obje^. 

Cor.  3.  The  image  of  a  fpherical  furface^  feen  by 
reflexion  in  a  fpherical  refle^or  parallel  to  it^  will  ap» 
pear  a  fpherical  furjace^  alfo  parallel  to  it, 

PROP.      XIV. 

33.  Jf  a  right  line  be  placed  direHly  before  a  concave 

34.  reflet  or  ^  its  image  will  appear  concave  \  but  in  a  con- 
vex refle5for^  the  image  will  appear  convex. 

To  the  center  of  the  glafs  C,  defcribe  the  arches. 
PQR,  pqr ;  fo  as  pqr  may  be  the  image  of  PQR. 
And  let  the  expofed  lines  be  OQ^or  oq^  tangents  to 
the  arches  PQ,  pq^  in  Q  and  q.  Then  if  the  arch 
PQ^be  an  objed:,  the  arch  pq  will  be  its  image. 
Let  ^,  /,  ^,  be  the  principal  foci  to  the  points 
A,  V,  a.  Then  {fig.  33.)  we  Ihail  have  (by  Prop. 
VII.)  €p  :  eQ  :  ^P,  and  alfo^^  :  eQ  :  ^O,  continual 
proportionals  ^  fuppofing  0  the  image  of  O.  There- 
fore ep  X  eF  zn  eO  zz  eo  X  eO,  whence  ep  :  eo  :  : 
eO  :  eF,  And  by  divifion  ep  :  ep  —  eo  (cp)  :  :  eO  : 
eO  -—  ^P  (OP),  and  alternately  ep:eO::op:  OP,  or 

ep 
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_2.  —  _<^.     But  if  qo  Be  alfo  a  right  line,  the  ^'S- 
*0    ~    OP  ^  ^  33- 

fio-ures  pqo  and   PQO   will   be   fimilar ;  whence  34* 

SL  would  be  =  ^.    But  -^  is  lefs  than  %  ; 
CP  OP  OP  CP 

for  fince  ep  :  eQ  : :  eQ  :  ^P,  by  divifion  ^^  :  ^C  : :  ^C 

—  ep  ipC)  :e?  —  eC  (CP),  therefore  -^  zz  £|  , 

But  -^  is  greater  than  -^^  therefore  taking  their 
^C       ^  .^O 

equals,  --A  is  greater  than  -^,  or  -^  lefs  than 

_^.     Therefore  ^^  (the  pidure  of  OQJ  v/ill  not 

be  a  right  line,  but  po  will  be  lefs  ;  and  therefore 
oq  will  be  concave  towards  C. 

On  the  contrary,  if  oq  (concave  towards  C)  be 
the  objedt,  the  right  line  OQ^will  be  the  pi6lure. 
But  then  a  right  line  oq  being  an  objedt,  will  not 
have  the  right  line  OQ^for  its  pidure.  For  as  o 
approaches  e,  O  will  go  farther  from  P.  And 
therefore  OQ^(the  pidure  of  the  right  line  oq)  will 
be  convex  towards  V,  or  concave  the  contrary  way. 
So  that  when  the  image  appears  on  the  concave 
fide  of  A^,  it  is  always  convex  towards  Aa,  or 
concave  the  contrary  way,  that  is,  towards  the  eye. 

Again,  (Jig.  ^4,)  fince  pq  is  the  image  of  PQ^an 
objeft  'y  if  QO  becomes  an  objed,  then  as  O  goes 
further  from  A,  its  image  will  advance  from  p 
towards  e  •,  and  therefore  the  image  of  the  right 
line  OQ  will  be  more  curve  than  before,  being  con- 
vex towards  AV. 

On  the  contrary,  if  the  arch  pq  be  an  objedb, 
the  arch  PQ  will  be  its  image ;  and  therefore  if 
the  line  oq  be  an  objed,  where  0  approaches  nearer 
A,  P  (the  image)  will  alfo  approach  nearer  A,  and 
the  image  will  then  be  more  concave  towards  V, 

F  2  or 
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Fig.  or  towards  C.    So  that  in  all  cafes,  a  concave  re* 

33.  fledor  makes  the  image  concave. 

24. 

Cor.  I .  "The  image  of  a  right  line  is  more  curve 

whenfeen  beyond  any  reflector ;  than  when  feen  nearer 

to  the  eye^  or  on  the  fame  fide. 

Cor.  2.  Any  plane  figure  ft anding  direElly  before  & 
concave  reflector ^  will  appear  concave ;  and  before  a 
convex  one^  convex. 

Cor.  3.  ^he  image  of  a  fhort  right  line  or  plane ^ 
is  nearly  a  right  line  or  plane  figure. 

Cor.  4.  A  right  line  at  the  center  of  a  concave  re- 
flexor ^  will  appear  a  right  line. 

For  then  ^  -SL. 
OP        CP 

PROP.      XV. 

35.  ^he  objeB  and  its  image ^  fubtend  equal  angles  at 

36.  the  vertex  of  the  reflector  :  PVR  =:  pVr, 

Let  PR  be  an  objed,  pr  its  image.  Thro'  the 
center  C,  draw  QCV  perp.  to  PR.  Draw  VP, 
VR,  y/>,  Vr,  and  P/^A,  Rra,  paffing  thro'  C. 
Then  (^Prop.  V.)  VQ^:  V^  :  :  QC  r  ^C  :  :  ffimilar 
triangles)  PQ^ :  pq.  And  fince  the  angles  at  Q 
and  q  are  right,  the  angle  PVQ^iz  pVq.  In  like 
manner  RVQ^=  rYq  \  whence  PVR  zz  pVr, 

Cor.  Hence  the  obje^  and  its  image  are  equal  ti 
me  another^  where  they  meet  together. 


PROP. 
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Fig. 
PROP.     XVI.  35 


I'he  linear  magnitude  or  diameter  of  the  ohjeB  PR, 
is  to  the  magnitude  of  the  image  pr ;  as  the  diftance 
of  the  objeSi  from  the  vertex  of  the  glafs  VQ,  to  the 
diftance  of  the  image  from  it  Yq, 

For  (laft  Prop.)  the  angles  PVR  and  pYr  being 
equal,  and  the  triangles  PVR  and  pYr  fimilar,  \^e 
havePR:/>r:i  VQ^:Vy. 

Cor.  r.  The  diameters  or  linear  magnitudes  of  the 
ohje5i  and  image ;  are  as  their  diftances  from  the  center 
of  the  refieBor,     PR  :/)r : :  C<5  :  C^^. 

For  PR  :;)r  : :  YQj,  Yq  : :  (Prop.  V.)  CQ^:  Cq. 

Cor.  2.  If  f  be  the  principal  focus ;  then  the  dia- 
meter or  linear  magnitude  of  the  obje£l^  to  that  of  the 
image  •,  is  as  the  principal  focal  diftance^  to  thi  diftance 
of  the  image  from  the  principal  focus ;  or  as  the  dif- 
tance of  the  obje5l  from  the  principal  focus^  to  the 
principal  focal  diftance. 

For  we  had  PR  :  />r  :  :  VQ^:  V^  : :  CQ^:  Cq  :  : 
VQ  — CQ  (or  Ca—  VQ)  :  Yq  —  Cq  (or  Cq  — 
Yq)  :  :  CY  :  2fq  :  :fY  :fq  ::fQ  :fY. 

Cor.  3.  Hence  alfo  it  follows^  that  a  convex  re- 
fie^or  leftens  an  objett. 

Cor.  4.  Alfo  a  concave  refie5ior  leffens  an  obje^^ 
when  it  is  farther  from  the  glafs  than  the  radius  off 
the  refle£ior. 

Cor.  5.  But  a  concave  refle^or  magnifies  an  obje5l^ 
when  it  is  nearer  to  it^  than  the  radius  of  the  reflector  % 
and  then  only. 

Cor.  6.   The  image  pr  is  always  terminated  at  py 
iy  the  extreme  ray  PA,  which  paffes  thrd  the  c.enter 
F  3  C  tf 
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Fig.  C  of  the  refle5ior.  And  if  the  ohje5l  he  at  an  immenfe 
35.  dijlance^  it  is  terminated  by  the  radius  CA^  drawn 
^6.  parallel  to  the  extreme  ray  PV,  at  the  vertex. 

For  when  the  objed  is  infinitely  diftant,  PV  and 
PGA  are  parallel. 

Scholium. 

If  it  be  required  to  find  the  place  of  an  objeft, 

that  its  diameter  fhall  be  to  the  diameter  of  the 

image,  in  the  given  ratio  of  ;»  to  i .     It  is  eafily 

done  by  the  Vlllth  Prop.     For  fince ^ :/::»/:  i, 

therefore  A  zz  f  —  -^,  whence  2d+r  =  wr, 
m  2d-\'r 

fn     -  T         /« 

and  2d  zz  mr  —  r,  therefore  d  zz r,    for  a 

2 

convex  fpeculum ;  in  which  cafe  m  is  always  greater 
than  I.  But  if  ;;2  be  lefs  than  i,  then  d  comes  out 
negative  ;  that  is,  the  objedt  muft  be  always  on  the 
concave  fide,  to  have  the  image  magnified.  In  like 
manner,  any  two,  i,  r,  or  m  being  given,  the  third 
may  be  found. 

PROP.     XVII. 

j4s  the  difiance  of  the  ohjeEt  from  the  principal  focus 
of  a  refle5for^  is  to  its  difiance  from  the  refleEior  *,  fo 
the  -principal  focal  difiance^  to  the  difiance  of  the  image 
from  the  reflet  or.  fQj,  VQ^:  :/C  :  V^. 

For  /  being  the  principal  focus,  we  have  (by 
Prop.  XVL )  VQ^:  Yq  :  :  PR  :  pr.  And  (by  Cor.  2. 
Prop.  XVL)  PR  :;)r  :  :/Q  r/V;  therefore /Q^: 
/V  or/C::VQ:V^. 

Cor.  If  the  oljeEl  and  image  he  eq^uidiftant  from  the 
refle5ior  -,  they  will  coincide  either  in  the  center  or  ver- 
tex of  the  refle^or^  and  hecome  equal 

For  if  VQ^zz  Yq,  then/Q^zz/C  or  /V,  and  Q 
falls  upon  C,  or  elfe  upon  V  5  and  then  pr  zz  PR. 

PROP. 
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Fig. 
PROP.      XVIII.  35' 


In  a  convex  fpeculum^  the  image  always  appears 
tre6l  and  on  the  other  fide  of  the  glafs^  as  in  a  plain 
fpeculum.  And  fo  it  does  in  a  concave^  when  the  oh- 
je5l  is  between  the  glafs  and  the  principal  focus.  But 
in  a  concave  fpeculum^  when  the  object  is  further  from 
it  than  the  principal  focus^  the  image  is  on  the  fame 
fide  of  the  glafs ^  and  inverted  in  every  refpeSl. 

Y or  fig.  36,  let  RP  be  placed  where  it  will  be- 
fore the  convex  ^A,  its  image  rp  will  be  on  the 
contrary  fide.  And  if  rp  be  an  object,  its  image 
RP  will  be  on  the  contrary  fide,  till  rp  comes  to  /, 
and  then  RP  will  be  infinitely  diftant.  But  when 
it  is  between/  and  C  (fig,  35.)  ^s  at  ^,  the  image 
RP  is  on  the  fame  fide.  Or  if  RP  be  the  objed:, 
then  the  image  rp  is  on  the  fame  fide,  but  inverted  •, 
becaufe  the  objed  and  image  are  on  diff'erent  fides 
of  the  center,  where  the  rays  crofs.  And  if  the 
objedt  PR  be  moved  to  an  infinite  diftance,  the 
image  pr  will  be  moved  to/,  flill  on  the  fame  fide 
of  the  glafs. 

'  Cor.  I .  If  the  center  is  between  the  obje5f  and  image^ 
they  either  both  approach  to  it^  or  both  fly  from  it* 
And  if  the  fpeculum  be  between  them.^  they  eithev  both 
approach  the  fpeculum^  or  both  fly  fr am  it. 

For  (fig,  ^5.)  when  C  is  between  Q^and  ^,  the 
greater  CQ  is,  the  greater  is  Cq,  And  (fig.  ^6.) 
when  V  is  between  them,  the  greater  VQ^is,  the 
greater  is  Yq, 

Cor.  2.  As  an  obje5l  moves  from  the  glafs  on  the 
convex  fide  to  an  infinite  diftance^  its  image  moves  from 
the  glafs  to  the  principal  focus.  And  as  the  obje^ 
moves  from  an  infinite  diftance  on  the  concave  ftde^  ta 
the  center^  the  image  moves  from  the  principal  focus 

F  4  t^ 
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Fig.  to  the  center  alfo^  where  they  meet.  And  further^  if 
35.  the  ohjeSl  moves  from  the  center  to  the  principal  focus  -^ 
3  6.  the  image  moves  from  the  center.,  the  contrary  way^ 
■to  an  infinite  diftance.  And  as  the  object  moves  from 
the  principal  focus  to  the  vertex,  the  image  moves  from 
nn  infinite  dijiance  on  the  convex  fide  to  the  vertex  alfo^ 
where  they  meet  again. 

For  (fig.  36.)  whilft  the  objedl  moves  thro'  VQ, 
the  image  moves  thro'  Yq  to  f  And  (/^.  35.) 
whilft  the  objed  moves  thro'  QC,  the  image  moves 
thro'  /C.  Alfo  whilft  the  objed  moves  thro'  C/,  the 
image  moves  thro'  CQ^to  an  infinite  diftance  •,  and 
(fig.  26.)  whilft  the  objed  moves  thro'  /V,  the 
image  moves  from  an  infinite  diftance  thro'  QV. 

Cor.  3.  Tho'  the  ohjeB  be  removed  to  an  infinite 
diftance,  from  a  convex  glafs,  yet  the  image  will  only 
recede  to  the  diftance  of  half  the  radius^  and  will  $here. 
remain^ 

Cor.  4.  ^he  image  is  upright  or  inverted,  according 
cs  the  image  and  obje5l  are  on  the  fame  or  different 
Jides  of  the  center. 

PROP.      XIX. 

'To  fee  the  image  of  an  obje5l  made  by  any  fpherical 
fpecidum  ;  the  eye  muft  be  placed  in  the  diverging  rays, 
at  a  proper  diftance  for  diftin£i,  vifion,  and  facing  the 
image. 

For  to  fee  the  image,  one  muft  look  at  it,  as 
one  would  do  at  any  vifible  objed.  And  therefore 
in  order  to  be  feen,  the  rays  muft  diverge  from  it 
to- the  eye  placed  at  a  proper  diftance.  Thus  to 
fee  the  image  pr  (fig.  35 J  refleded  from  the  con- 
cave fpeculum  Ka,  the  eye  muft  be  placed  fome- 
where  in  the  line  ^CQ.  But  if  PR  was  the  image 
Cof  the  objed  pr),  the  eye  muft  be  placed  beyond 
Q.     Again  (fig.  3  6.  J  to  fee  the  image  rq,  refleded 

by 
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by  the  convex  fpeculum  A^,    the  eye   muft  be  Fig. 
'placed  without  the  glafs  in  the  line  VQ^    But  if  rp  is  ^5. 
an  objea;,  and  RP  its  image,  then  the  eye  muft  be  36- 
placed  in  the  line  VC,  on  the  concave  fide.     The 
focus  Q  being  only  a  virtual  focus,  to  which  the 
rays  only  tend  to,  but  never  reach. 

Cor.  I.  //  the  eye  he  placed  near  the  fpeculum^  in 
the  converging  rays^  heforc  they  reach  the  image  \  it 
will  perceive  the  image  [of  the  ohje5fj  heyond  the  glafs ^ 
at  the  fame  diftayice  nearly  as  the  ohje5l  is  before  it  ^ 
and  of  the  fame  magnitude. 

For  the  eye  being  near  the  glafs,  that  fmallpart 
of  it  which  reflects  rays  to  the  eye,  may  be  taken 
for  a  plane,  and  therefore  the  image  will  appear, 
as  in  a  plane  fpeculum,  at  the  diftance  of  the  ob- 
je6t  behind  it.  But  the  rays  that  come  to  the  eye 
placed  beyond  the  image,  do  not  fall  upon  the 
eye  in  the  fame  manner  j  for  they  all  diverge  from 
points  very  near  the  eye. 

Cor.  1.  If  an  image  he  looked  at^  with  hoth  eyes 
placed  very  near  it,  and  in  the  diverging  rays ;  (or 
tlfeit  camiot  he  feen  at  all)  ;  //  will  appear  douhle. 

For  the  axes  of  the  eyes  cannot  both  be  dire<51:ed 
to  an  objed  extremely  near ;  and  the  cafe  is  the 
fame  in  all  objeds  near  hand,  as  well  as  this  image. 

Cor.  3.  "-Iho^  an  eye  cannot  fee  an  image  in  the  airy 
except  it  he  placed  in  the  diverging  rays  \  yet  if  that 
image  he  received  on  a  white  paper ^  it  may  he  feen  in 
any  pofition  of  the  eye. 

For  the  rays  refleded  from  the  glafs,  to  the  image 
and  beyond  it,  flow  but  in  that  one  diredion.  But 
when  the  image  is  received  on  a  white  paper,  the 
paper  refleds  them  in  all  diredions,  wherever  the 
eye  is  placed. 

Cor.  4.  If  the  eye  he  moved  whilfl  it  views  the  «- 
mage^  the  image  will  appear  to  he  moved. 

For 
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Fig.     For  rays  from  different  points  of  the  fphefical 
35.  refledor,  will  come  fucceifively  to  the  eye. 

PROP,      XX. 

35'  If  an  ohje5l  rp  he  placed  in  the  principal  focus  of  a 
concave  refieEior  \  its  apparent  magnitude  to  the  eye^ 
at  any  place  whatever  as  O,  will  be  invariably  the 
fame ;  and  equal  to  the  apparent  magnitude  to  the 
naked  eye^  when  feenfrom  C  the  center  of  the  fpe^ 
gulum. 

Here  RP  the  image  will  be  at  an  infinite  diftance. 
And  Cby  Cor.  i  and  3,  Prop.  VI J  all  the  rays  of 
the  pencil  rBV  will  be  refledled  parallel  to  one  ano- 
ther, and  to  the  axis  aC  pafling  thro'  the  center  of 
the  fpeculum ;  and  therefore  the  angle  VOB,  which 
is  the  apparent  magnitude  of  the  image  to  the  eye 
at  O;  is  equal  to  the  angle  YCa  or  VCr,  which  is 
the  apparent  magnitude  of  rq  to  an  eye  at  C. 
And  this  is  fo,  wherever  O  is,  or  the  place  of  the 
eye. 

Cor.  I.  Hence  the  apparent  magnitude  of  a  body 
placed  in  the  principal  focus^  will  always  continue  the 
fame^  however  the  eye  is  moved  backward  or  forward 
from  the  refle^or. 

Cor.  2.  ne  nearer  the  eye  is  to  the  fpeculum^  the 
more  of  the  object  appears  \  and  the  further  off^  the 
lefs. 

For  rays  parallel  to  Cr  or  BO,  that  lye  beyond 
O  fin  refped  to  C j,  cut  the  refledor  in  points  be- 
yond B,  and  at  laft  will  mifs  the  refledor,  and 
then  the  point  r  cannot  be  feen  there. 

Cor.  If  the  obje£i  be  nearer  than  the  principal 
focus^  its  apparent  magnitude  grows  lefs  in  going 
from  the  fpeculum.    If  it  be  further  off^  it  encreafes. 

For 
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For  if  the  objea:  be  nearer,  the  image  is  beyond  Fig. 
thefpeculum,  and  then  OB,  Cr  (^converging  to  a  35. 
point  beyond  the  fpeculum;,  makes  the  angle  BOC         f 
lefs  than  rCq,     But  if  the  objedt  is  further  off, 
than  the  principal  focus,  the  image  is  on  the  fame 
fide  ;  and  then  the  rays  converging  to  a  point  be- 
yond  O,  makes  the  angle  BOV  greater  than  rC^. 

Scholium. 
Some  other  phcenomena  of  concave  refledlors; 
are  thefe  that  follow. 

1.  The  apparent  magnitude  of  an  objefb  will 
be  invariable,  wherever  it  is  placed,  when  the  eye 
is  at  the  principal  focus. 

2.  When  the  eye  is  fixt  at  a  lefs  diftance  than 
the  principal  focus  ;  as  the  objed  is  moved  from 
the  fpeculum,  the  apparent  magnitude  decreafes. 

3.  When  the  eye  is  fixt  at  a  greater  diftance; 
the  apparent  magnitude  of  an  objed  in  going  from 
the  fpeculum  increafes,  till  it  comes  to  the  conju- 
gate focus  Cof  the  place  of  the  eye  J,  and  then  it 
is  infinite,  and  all  confufion.  And  afterwards  it 
diminifhes  again,  and  is  inverted. 

4.  A  man's  face  in  a  refleding  concave,  in  going 
from  it,  decreafes  to  the  principal  focus,  and  then 
increafes. 

PROP.      XXI. 

The  hrightnefs  of  the  image  pr  formed  hy  the  re-  3^; 
fle5iing  concave  AB,  from  the  luminous  ohje^  PR,  is  as 

™!,  or  as  the  area  of  the  lens  direBly^  and  the  fquare 
of  the  diftance  of  the  image  reciprocally. 

For  if  the  bright nefs  of  the  objed  be  given,  the 
quantity  of  light  refleded  from  the  fpeculum  to 
the  image,  will  be  as  the  magnitude  of  the  objed 
and  of  the  refledor  diredly,  and  the  fquare  of  the 

diftance 
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Fig.  diftancie  reciprocally.     Whence  the  light  falling  on 
35'  the  image  is  as  — -iL- •  alfo   the   denfity  of 

the  light,    or  the  brightnefs  of  the  image  is  as 
the  quantity  of  light  diredtly,  and  the  area  of  the 

image  reciprocally,   or  as —     But  fmcc 

Pp,  pr  are  parallel,  and  (Prop.  XV.)  the  angle 
PVR  =  pYr,    &c.    PR  :  priiQY:  qV,    and 

tfz-.  zz  il-- .     Therefore  the  brightnefs  of  the 

^r*xAB"        AB* 
image  is  as  il~- or  -— -. . 

Cor.  I .  If  the  brightnefs  of  the  chje5l  he  increafed 
in  any  ratio^  which  call  B ;  the  brightnefs  of  the  image 

will  then  he  as  -— -—  B. 

Cor.  2.  In  very  remote  ohjeBs^  if  f  he  the  princi- 
pal focal  diftance  j  then  the  brightnefs  of  the  image 

will  be  as  -  ^..  B. 

/ 
For  then  Yq  becomes  equal  to/. 

Cor.  3.  The  brightnefs  of  the  image  increafes  as 
the  area  of  the  glafs  increafes  ;  but  its  difiin£!nefs  de- 
creafes  upon  that  account. 

For  the  rays  further  from  the  vertex  are  reflefted 
to  different  points  of  the  axis,  as  appears  from  the 
different  proportions  in  Prop.  IIL  and  V. 
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B.  IL  CATOPTRICS.  77 

Fig. 
PROP.     XXII. 

Jf  a  concave  fpeculum  A  a  be  held  directly  to  the  rays  ^^ 
cf  the  fun  ;  and  any  comhuftible  body  be  held  in  the  ^ 
principal  focus  f^  it  will  be  fired  by  the  heat  thereof , 

For  all  the  rays  of  the  fun  are  reflefted  into  the 
focus,  forming  there,  by  reflexion,  the  image  of 
the  fun.  Which  image  muft  be  of  an  intenfe  heat, 
becaufe  all  the  rays  that  fall  upon  the  fpeculum,  are 
brought  thither.  And  the  broader  the  fpeculum 
is,  the  more  rays  are  contained  in  that  fmail  fpacej 
and  may  be  fo  increafed  by  the  breadth  of  the  glafs, 
as  to  burn  or  melt  all  forts  of  bodies  placed  there  ; 
as  is  plain  from  numerous  experiments. 

Cor.  I .  The  heat  generated  in  the  focus  of  the  glafs^ 
is  to  the  fun^s  direct  heat ;  as  the  area  of  the  glafsy 
is  to  the  area  of  the  image  in  the  focus. 

For  the  rays  that  fell  upon  the  glafs  are  all 
brought  into  that  fpace,  where  their  denfity  is  re- 
ciprocally as  the  areas  they  are  contained  in. 

Cor.  2.  The  degrees  of  heat  in  different  refle^ors^ 
are  as  the  fquares  of  the  diameters  dire5lly^  and  the 
fquares  of  the  focal  diftances  reciprocally. 

Fpr  the  denfity  of  the  rays  in  each,  are  in  that 
proportion. 

Scholium. 
Upon  account  of  the  rays  meeting  in  that  point, 
and  burning  bodies  therein,  it  is  called  the  focus  or 
burning  point  -,  and  the  refle6tor  itfelf  d  burning  con-» 
cave.  For  a  refledor  to  burn  the  moft  intenfly,  fe§ 
Schpl.  Prob.  V.  B.  IV. 
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Fig. 

PROP.     XXIII. 

37.  If  parallel  rays  RA,  CV,  are  refle&ed  from  a  con- 
cave (or  convex)  fpherical  fur  face  Ka^  of  a  fmall 
hight  VP.  Let  F  he  the  focus  of  the  extreme  ray  AF, 
Qjhe  principal  focus,  Then  the  aberration  of  the 
rays^  in  the  length  of  the  axis  VC,  is  equal  to  half 
the  hight  of  the  fegment  j  QF  zz  4-VP,  nearly. 

For  draw  the  tangent  AT.  Then  by  the  nature 
of  the  circle  CP  :  CV  :  :  CV  :  Ct.  And  dividing, 
CP  :  CV  :  :  CV  —  CP  (VP)  :  CT  —  CV  (TV). 
But  VP  being  very  fmall,  CP  is  =-  CV  nearly, 
therefore  VP  zr  VT.  But  (Prop.  IV.  j  TF  -  FC, 
or  CF  zr  i:  CT.  And  (^Prop.  VI.;  VQ  -  QC* 
or  CQ  z=  4CV.     Therefore  CF  —  CQ^or  FO  = 

CIZI-CZ.   =  TV  =    VP     B,,  (Cor.  4.  Prop. 

2  2  2 

IV.)  QF  is  the  fpace  on  which  all  the  rays  fall 
that  come  from  the  whole  furface  ha^  that  is,  QF 
is  the  aberration  of  the  rays  in  length  j  therefore 
4^VP  is  equal  to  that  aberration. 

Cor.  I .  l!he  aberration  QF  zz  ^T V  exa^ly. 

AV* 

Cor.  2.    ^he  aberration  QF  zi ,   nearly. 

For  VP  z:  Xi^,  and  i,VP  =  1^. 
2VC  '  4VC 

Cor.  3.  The  lateral  aberration  at  the  principal  focus 

VA'  7 

is  zz ,  nearly. 

For  the  triangles  APF,  DQF  are  fimilar,  whence 
PF  :  PA  :  :  F(J :  QD  -,    that  is,    ICV  :  AV   :   : 
yAz  VA? 

:  QD  ZZ  ^,  nearly  •,  becaufe  AV  is  very 


4CV       ^  2VC^ 

fmall.  Cor. 
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Cor.  4.  ne  radius  of  the  fphere  being  given  ;  the  Fig. 
aberrations  in  lengthy  are  as  the  fquares  of  the  dia-   37. 
meters ;  and  the  lateral  aberrations^  as  the  cubes  of  the 
diameters  of  the  reflectors. 

PROP.      XXIV. 

If  parallel  rays  ^A^  SG,  are  refieEied  from  a  con*  38, 
tave  {or  convex)  fpherical  furface  Aa  •,  the  diameter 
of  the  leaft  circle  of  aberration  of  the  rays^  is  ^  the 
aberration  made  at  the  principal  focus,  BI  n  -JOp. 

Let  any  refleded  ray  GB  cut  the  axis  in  L^  and 
the  extreme  ray  AF  in  B.  Draw  Bl  perp*  to  VQ, 
Q  being  the  principal  focus.  Then  fuppofing  the 
ray  AFD  to  be  fixed ;  as  the  point  of  incidence  G 
moves  from  the  vertex  V,  the  perpendicular  BI, 
will  firft  increafe,  becaufe  the  angle  VLG  continu* 
ally  increafes  ;  and  afterwards  it  will  decreafe,  be- 
caufe the  line  FL  continually  decreafes.  And  when 
BI  is  the  greateft,  it  is  plain,  all  the  rays,  on  the 
fame  fide,  will  pafs  thro'  it ;  and  then  the  circular 
feclion  of  all  the  rays,  in  that  place  I,  will  be  the 
leaft  feflion  poffible.  To  find  the  point  I,  or  the 
radius  BI. 

By  fimilar  triangles,  LI :  BI 
and     BI:FI 
and  ex  equo     LI :  FI 
and  compounding   LI  +  FI  (FL) :  FI : :  AP+PH 

(AH)  :  PH. 
Again  QF :  QL : :  AP^ :  PH^  (byCor.  4.  Prop.  23.) 
and  by  divifion,  QF  :  QF  —  QL  (FL) : :  AP^ :  AP^ 

—  PH^  (AHxH^% 
but  we  had    FL  :  FI  : :  AH    PH 

therefore  QF  :  FI :  :  AP^xAH :  PHxAHxH^. 


LPorFP:PH, 
AP:PF. 
AP :  PH. 


or    QF: 

FI: 

:AP' 

:  PHxHa. 

ut  we  had  FI  : 

BI: 

:FP 

:AP 

therefore  QF 

BI: 

:  AP^xFP 

:  APxPHxH^ 

or    QF 

BI: 

: APxFP 

:  PHxH«.      ' 

But 
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Fig.      But  QF,  AP,  FP  are  given  %  therefore  BI  is  tlic 

28.  greateft  when  PH  X  Ha  is  the  greateft,  that  is, 

when  PH  =:^Ha,  zz  ^AP,  and  then  PH  x  H«  zi 

iAP\     And  fince  AP^ :  PH  x  H^  T  =  i^^")  -  • 

QF  :  FI  (  iz  -^FQ^,  and  confequently  BI  —  -IQD. 

Cor.  I.  If  K  h  thie  radius  of  the  refleclor^  B  zz 
half  its  breadth  \  then  the  diameter  of  the  leaft  circle 
of  aberrations  caufed  by  the  figure  of  the  fpherical 

refle£for^  will  be  — ,--. 
4RR 

For  (Cor.  3.  Prop.  23.)  QD  z:  Y^  =  —  , 
^         ^         ^     ^^  ^         2RR        2RR' 

and  2BI,    or^QD  zz     ^'  . 

4KR 

Cor.  2.  The  diflance  FI  of  the  leaft  circle  of  aber- 
rations from  F  the  focus  of  the  extreme  ray^  is  ~  FQ, 
cr  ^  the  dijiance  from  the  principal  focus. 

Cor.  3.  If  this  circle  of  aberrations  be  fet  in  any 
other  place ^  all  the  rays  will  not  pafs  thro"*  it. 

-  Cor.  4.  And  therefore  the  circular  fe5lion  cutting 
all  the  raysy  will  be  greater  at  any  other  place^  he- 
Jidesl* 

Cor.  5.  'The  area  of  the  circle  of  aherrations,  is. 
to  the  area  of  the  glafs  ;  as  VA*  to  64R+.  R  being 
the  radius  of  concavity. 

For  the  area  of  the  glafs,  is  to  the  area  of  the 

circle  j  as  VA"  to  BP,  or  as  VA*  to  J?L  ;  or  as 

64R+ 
64R*  to  B*  •,  B  being  zz  VA. 
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Fig. 
PROP.      XXV.  "^ 

Let  R  be  the  radiant  pointy  ¥  the  focus  of  the  rays  39^ 
faUing  at  A,  /  the  focus  of  t  h  of e  falling  at  V.     C  the 

center  of  the  refie5for.    Then  will  FC  zz  ^RxCA" 
•^  AR^— CR^ 

CR  y  CA 

and  fC  = .   ^fid  the  aberration  in  length 

^         VC  +  2CR  ^ 

ijziFC— /C. 

Let  radius  CA  or  CV  =  r,  AR  z=  a,  CR  =  d^ 
AF  =  Zy  FC  zz;r,  Then  fGeom.  II.  25.;  ^  :  ^  :  : 

2  ly,  and  ^/z  zz  ^j,  and  z  zz  -—.    Alfo  (Geom.  II. 

d 

26.)  rr  +  dy  zi  aZy    and  z  zz  ^^        ^    =:  %• 

a  a 

Whence  drr  -{-  ddy  zz  aay^  and  aa  —  ady^y  =  drry 
,      _     drr 

aa^^dd 
Again  (Prop.  V.)  VR  (r  +  ^)  :  V/  (r  — /C) : : 
CR  {d)  :  C/.     And  by  compofition,  r  +  2^  :  i  :  : 

r  :Cf  zz And  the  aberration  zz 


r  -{-  id  aa  —  dd 

dr 


r  +  2d, 


Cor.  I.  On  the  contrary^  ifF  be  the  radiant  pointy 
R  the  focus  of  rays  falling  on  A^  r  the  focus  of  rays 
falling  onV  \  C  the  center  of  the  refle£!or,  Then  will 

CKzz^Ej^^.andQr^^^.    And 
AF^  — FC^'  VC  — 2CF 

the  aberration  Rr  zz  Cr  —  CR. 

For  from  the  equations  dz  zz  ay^  and  rr  +  dyzz: 
dz      rr  '\-  dy 
czy  we  have  a  zz.  —  zz 5  and  dzz  zz  rry  + 

dyy.    Whence  ^  or  CR  zi 


rry 


zz  — yy 
G  Again 
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Fig.      Again  (Prop.  V.)  FV  {r—y):  FC  (y)  :  :  Yr 
^9*  (r  4-  Cr;  :  Cr.  By  divifion,  r^-2y:y::r:Crzz 

— •^— •  Therefore  Cr  --  CR  iz  ~^  —  —-^Tv 
f  —  2y  r -^^  2y       zz  -^^  yy 

=:Rn 

Cor.  2.  JT"  R  a;^<i  F  are  conjugate  foci^  for  rays 
falling  at  A  ;  /i?^»  R  and  f^  alfo  r  and  F,  will  be 
conjugate  foci  for  rays  near  the  axis  at  V.  And  f  and 
r,  will  he  further  from  the  vertex  than  F  and  R. 

That/  and  r  are  further  from  the  vertex,  will 
appear  thus.  AC  +  CR  is  greater  than  AR  •,  that 
is,  VC  +  CR  or  r  4-  ^  is  greater  than  a^  and  rr  + 
ird  4-  dd  greater  than  aa^  and  rr  -f  ird  greater 

drr       . 
than^^— ^^.     Whence ^^37^  is  greater  thai>. 

drr  dr 

,  or  — ; j\  that  is,  FC  is  greater  than/C. 

rr  +  2rd       r  -^  ^a 

Again,  AF  +  FC  is  greater  than  AC  or  VC,. 
^oj.  vp  _j-  FC,  and  AF  greater  than  VF  \  that  is, 
z  is  greater  than  r  —  j,  and  zz  greater  than  rr  — 
iry  4-  yy-,  and  zz  —  yy  greater  than  rr  —  2ry. 

rry  ry       .  . 

Therefore ■    or   -^ — --  is   greater  than 

— J  that  is,  Cr  is  greater  than  CR. 

zz  — yy 

Cor.  3.  therefore  if  R,  /  he  conjugate  foci  to 
the  vertex  V  •,  R  and  F,  will  he  conjugate  foci  to  the 
•point  A.  And  if  F  and  r  he  conjugate  foci  to  the 
vertex  V  •,  then  F  and  R  will  he  conjugate  foci  to  the 
foint  A. 

Cor.  4.  Let  F,  r,  ^^/i?^  conjugate  foci  to  the  V£r- 

VP  X  rC  X  2CF 
/^;c  V  ;  /i'^w  /^^  aberration  Rr  ;z:  CV*"^  2CFX  CP' 

/^r  r^j^  falling  at  h. 

For 
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-  For  let  X  =z  VP,  v  zz  r  —  2^ ;  and  rr  z^  yy  -{-  Fig. 

2;2  -h  2y  X  FP ;  and  zz  -zirr-^yy—iyXr  — y  —  x,  39* 
and  zz . —  yy  zz  rr  —  2ry  +  2yx,   =z  rv  +  lyx. 

Then  Rr  =  -^ rjy_^^__rr^_ 

r  —  2y      zz  — yy       v       rv  +  2yx 
fj  ry  vry  +  2yyx  —  vry 


2yyx 


X  X  ^X2y       X  X  —X  2y 


2y:r —  ^.^ 

vXv.-^—  ^^^  rv -{- zyx 


^  X  r:?^  XJ7  _    VP  X  Cr  X  2CF 
rr  —  2ry  +  2xy  ""  CV*  —  2CF  X  CP 

Cor.  5.  If  T  h  the  principal  focus.      And  let 
TF  :  TC  :  :  I  :  »;    then  the  aberration  Rr  zi 

^ZTT  X  VP  X  VT 

J£.^4.VP 
Fo7by  divifion  TF  :  TC  —  TF  or  FC  :  :  it 
n  —  I  ;  thaf  is,  4.  r  —  y  '^  y  '^  •  i  V  «  —  i   =: 

_Z_  =  -J2L,  and  !2iiHi  =  -!!-.  And 
-^r  - —  y       r — 2y  2  r  —  2jy 

^7    ^...     .x^21f^X2j^ 


(Cor.  4.)  Rr  zz  ^  —  v       -^  zz  _ 


rr 


2ry  +  2xy      rr  —  iry  +  239^ 
n-^  I  X^rx       n  —  1  X  ^  rx 

zz  rr-^.ry      ,  = ^ ^ '    ^CCaufe  ;^  —  I 

iy  n  —  I 

__       2y  1        r       ___  rr  —  2ry 

r  —  2y  n  —  l  2y 
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Fig. 

PROP.     XXVL 

40.  If  R  be  the  radiant  pointy  F  the  focus  of  rays 
falling  on  A,  and  reflehed  by  the  convex  fpeculum 
A V,  whofe  center  is  C,   /  the  focus  of  rays  falling 

en  V.     Then  will  the  aberration  F/  zz 

RC*  — RA" 

_   RC  X  CA 
2RC  —  CV' 

Draw  RH  parallel  to  the  refle6led  ray  AG,  and 
RO  perp.  to  CA  produced.  Then  <:  H  rz.FAC 
zz  CAS  -  RAH,  and  confequently  RH  z:  RA, 
and  AO  z=  OH  =z  4  AH.  Let  CA  or  CV  =:  r, 
CR  =  d,  RA  or  RH  =  a,  CF  z=.y^  AF  =  2;, 
AG  zz  -y,  VP  z:  X. 

Then  in  the  triangle  RCA,  (Geom.  II.  22.)  Ji  z: 
aa  +  rr  +  ^vr^  and  dd  —  m  =:  rr  +  2vr  zi 

r  -f  21;  X  r.     And  by  the  fimilar  triangles  CFA, 
CRH,  CR  ^  :  CF  (y):  :  CH  (r  +  2v)  :  CA 

(r)  :  :  r  -h  21;  X  r  :  rr  :  :  dd  —  aa  :  rr.     Whence 
drr  r^YP 

dd  —  aa 
Aifo  (Prop.  V.)  VR  (d  —  r)  :Yf{r  —  Qf)  :  : 
CR  (d)  :  Qf,     And  compounding,  id  —  r  :  d  :  i 

r  :  Qf  zz  _^.     And  F/  zz  CF  —  Qf 

2d  —  r 

Cor.  I.  If  ^^  f  be  the  conjugate  foci^  to  the  ver- 
tex V  ;  then  for  rays  falling  on  A,  the  aberration  Ffzz 

Qf  X  VP 

^T^ ^  ;  /  being  the  focus  of  rays  falling  at  V. 


For  (Geofn.  II.  23.)  CP  zi  r  —  x,  and  C  being 
an  acute  ans;ie,  we  have  in  the  triangle  RAC,  aa  zz 

rr  -^  dd  —  2d  X  r  —  ^,  and  dd  —  aa  z=.  2dr  — 

zdx 
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zdx  —  rr.     Therefore  F/  zi ^I ^^§- 

2dr  —  rr  —  idx        40* 
^r      __  drr  drr        _ 

2^  —  r      2<^r  —  rr  —  2dx      zdr  —  rr  """ 
2 Jr  —  rr  —  2^r  +  rr  \-  idx 


drr  zz 


zdr  —  rr  —  2dx  X  2dr  —  rr 


2dr  —  rr  —  idx  X  2dr  —  rr 
X  2d  — 


2dr  —  rr  —  2dx 


zd — r  "~"   a^ — r  —   ^^ 

Cor.  2.  Let  T  he  the  principal  focus ^  and  CT  (?r 
TV  =  /.     And  let  TR  :  TV  :  :  »2  :  i.     Then  the 

m  -\-  \ 

Aberration  Ff  zz ■ • 

<'  nt 


X2t~X 


m  4-  I 

For  TR  (^  —  4^  r) :  TV  r-ir)  : :  ^  :  i,  or  2^  — 
r  \r  \\  m\  i,  and  by  addition  2d  \  r  \  \  m  -^  1  v 

I.    Hence  m  =z  — ZZT,  and  ;;^  +  i  z=  i- ,  there- 
r  r 

fore  ^±2  zz  _i^,   and  ^+-i  r  zz       ^' 


m  2d  —  r  2m  2d  —  r 

C/^X  ^               ^'^ 
=  C/.    Whence  -;:^ =  ;;«    = 


Xr — X      — ^X2/  — ;v 


«  +    I  iW   +    I 
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Fig. 

PROP.      XXVII. 

41.  Let  R  he  the  radiant  pointy  RA  the  incident  ray 
falling  upon  the  fpherical  furface  AV,  AD  the  re- 
fie^ed  ray^  C  the  center  of  the  reflector ;  draw  CB, 
CD  perp,  to  RA,  AD.  And  let  T,  t^  be  the  mid- 
dle points  of  AB,  AD.  Then  if  F  be  the  focus  of 
the  reflected  ray^  it  will  he  as  RT  :  TA  :  :  TA  ^r 
/A  :  /F.  Where  F  mufi;  lie  the  fame  way  from  /, 
GS  R  lies  from  T. 

Let  R^  be  another  ray  infinitely  near  R  A  ;  d^d 
its  reflected  ray  \  draw  C^,  hn  perp.  to  R^ ;  and 
Ci,  Aj  perp.  to  F^.  Then  the  right  angled  tri- 
angles A^j,  and  han  are  equal  and  fimilar  \  for 
<:  ;2^A  in:  F^V  iz  S^A,  and  A^  is  common, 
therefore  Ks  =.  An.  Alfo  in  the  equal  right  angled 
triangles  ACB,  ACD  -,  and  alfo  aCh^  aCd  -,  CB  zz 
CD,  and  Cb  =z  Cd,  therefore  Bb  zz  D  J.  And  by 
the  fimilar  triangles  RB^,  R A^ ;  and  FA j,  FDi ; 
RB  :  RA  :  :  Bb  or  Dd  :  A;/  or  Aj  :  :  FD  :  AF. 
And  by  compofition  and  divifion,  RA  -f-  RB  : 
RA  —  RB  :  :  AF   4-  FD  :  AF  —  FD.     And 

RA  -i-  RB  .  RA  —  RB . .  AF  +  FD  .  AF— FD 

>  ■  ■ '       ' '  ■  '    «  '  ■  -^ » •  ■  ,  .1  • 

2222 
That  is,  RT  :  TA  :  :  At  :  /F. 

Cor.  I .  This  Prop,  holds  true  of  any  curve  A  V, 
V)hofe  radius  of  curvature  at  A,  is  AC. 

Cor.  2.  RA  :  RB  :  :  AF  :  FD. 

Cor.  3.  T  and  t  are  the  foci  of  rays  parallel  t& 
RA,  FA. 

Cor.  4.  The  middle  point  of  QA  is  the  focus  of 
rays  parallel  to  C  A. 

Cor. 
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Cor  5.  If  rays  fall  on  the  conv.ex  Jide^  it  is  only  Fig. 
putting  R  on  the  other  Jide  of  AVj  and  the  fame  41. 
proportion  holds  good. 

Scholium. 
Altho*  it  appears  by  Prop.  IX,  and  X.  that  a 
conic  fe6lion  will  refledt  all  rays  ifluing  from  one 
focus,  accurately  to  the  other  focus ;  and  therefore 
mathematicians  have  endeavoured  to  grind  their 
glafTes  into  the  form  of  fome  of  the  conic  fedions, 
yet  they  have  never  fucceeded  in  giving  them  a  true 
figure,  nor  has  any  method  yet  been  found  out  to 
grind  them  accurately  into  that  form.  And  if  they 
could,  it  would  not  anfwer  their  expedation ;  for 
neither  the  conic  fedions,  nor  any  other  curve,  will 
refled  the  rays  ifluing  from  any  point  in  the  colla- 
teral parts  of  an  objeft,  accurately  to  a  fingle  points 
So  that  if  glaflfes  were  truly  made  in  the  form  of 
any  of  the  conic  fedlions,  they  would  not  perform 
much  better  than  thofe  of  a  fpherical  form.  For 
near  the  vertex  of  a  conic  fedion,  it  nearly  coin- 
cides with  a  fphere  of  a  certain  radius,  and  there- 
fore in  a  fmall  fegment,  they  will  nearly  refledt  a- 
like.  And  fpherical  glafles  are  eafily  ground  into 
a  true  form.  And  therefore  confidering  all  things, 
lk  fpherical  furface  is  the  befl  curve,  and  the  mpft 
CQmmodious  for  optical  ufes  of  any. 
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BOOK      IIL 

Dioptrics,    or  refraSied  Vijion^ 


DEFINITIONS. 
D  E  F  I  N.      I. 

Y\g,  TilOPTRlCS  is  that  part  of  Optics,    which 

°  treats  about  refradled  light,  and  every  thing 

that  relates  to  feeing  thro'  different  mediums,  and 

the  pictures  of  objedts  made  by  refradion  through 

them. 

D  E  F.  II. 
43.  A  Lens  is  a  folid  tranfparent  body  as  AB,  gene- 
rally of  glafs,  being  of  fuch  a  fhape,  that  the  fides 
of  it  are  either  flat,  or  the  fegments  of  fpherical 
furfaces.  Of  thefe  there  are  feveral  forts,  as,  i. 
Tlain  on  both  fides.  2.  Piano  convex^  being  plain 
on  one  fide  and  convex  on  the  other.  3.  Piano 
concave^  or  plane  on  one  fide  and  concave  on  the 
other.  4.  Double  convex^  being  convex  on  both 
fides.  5.  Double  concave^  being  concave  on  both 
fides.  6.  A  Menifcus^  being  convex  on  one  fide, 
and  concave  on  the  other. 

D  E  F.      III. 

The  Axis  of  a  lens,  is  a  right  line  perpendicu- 
lar to  both  the  furfaces,  or  pafling  thro'  both  their 
centers. 

D  E  F.     IV. 

The  Fertex  is  the  point  where  the  axis  cuts  the 
furface  of  the  lens. 

PROP. 
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PROP.     I. 


Fig, 


If  a  ray  of  light  AC,  fafs  into  a  refracting  medium  ;  44- 
the  fine  of  incidence  ACD,  is  to  the  Cine  of  refra^ion 
ECF,  in  a  confiant  ratio. 

Let  the  ray  BC  falling  moft  obliquely  on  the  re- 
frading  medium  MS,  be  refradled  in  the  line  CN. 
And  the  ray  ACI  be  refraded  into  the  line  CE. 
Draw  AP  perp.  to  MS,  and  make,  CH  z=  CP, 
and  CL  zz  CM.  And  draw  HIE  and  LN  perp, 
to  CS.  And  let  the  equal  lines  BC,  AC,  reprefent 
the  equal  motions  of  the  rays  B  and  A.  Then 
fuppofmg  BC  parallel  or  nearly  coinciding  with  the 
refradting  plane  -,  let  the  motion  AC  be  refolved 
into  the  two  motions,  AP,  PC ;  AP  being  per- 
pendicular, and  PC  parallel  to  the  refradling  fur- 
face. 

Then  (by  Prop.  XVI.  B.  I.)  bodies  ad  upon 
light  by  the  forces  of  attradlion  and  repulfion  j  and 
thefe  forces  are  diredted  in  lines  perp.  to  the  fur- 
face  of  the  refrading  body  MS.  Therefore  the 
motions  of  the  rays  BC,  PC  which  are  parallel  to 
MS,  fuffer  no  alteration  by  the  refraflion  of  the 
medium.  Therefore  in  the  very  fame  time  that 
the  rays  A  and  B  move  to  C,  they  would  move  to 
I  and  L  without  refradion,  where  CL  zi  CB  zz  CA 
zz  CI.  But  by  the  refraftion  of  the  medium,  that 
from  B  goes  to  N,  and  that  from  A  goes  to  E,  in 
the  perpendiculars  LN,  HE,  becaufe  the  parallel 
motion  is  the  fame  as  before.  But  (by  Cor.  3. 
Prop.  XX.  Mechan.)  the  velocities  of  the  rays 
A,  B,  which  were  equal  before  refradlion,  will  alfo 
be  equal  after ;  and  therefore  CN  zz  CE. 

Now  in  the  right  angled  triansle  CLN,  we 
have  S.CLN  (MCD)  :  :  S.CNL  (NCF) : :  CN  : 
CL  :  :  CE  :  CI  :  :  (in  the  triangle  CEI)  S.  CIH 

(ACD) : 
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Fig.  (ACD) :    S.CEH  (ECF).     That  is,  S.ACD  the 
'  44.  angle  of  incidence :    S.ECF  the  angle  of  refrac- 
tion :  :  rad :  S.NCF,  or  in  a  given  ratio. 

Cor  I .  If  the  refra^ed  ray  EC  be  turned  dire5ily 
hack  to  the  paint  of  incidence ;  //  will  he  refra£led 
into  the  line  C A,  before  defcribed  by  the  incident  ray. 

For  the  forces  that  before  accelerated  its  motion, 
will  now  equally  retard  it. 

Cor.  2. 1'he  angles  of  incidence  and  refraction  lye  both 
in  one  plane^  which  is  perp.  to  the  refracting  furface 
at  the  point  of  incidence. 

For  the  refraction  being  made  in  lines  perp.  to 
the  refradling  furface,  there  is  no  force  to  caufe  the 
rays  to  deviate  from  that  plane. 

Cor.  3.  Heterogeneal  rays  of  light  have  different 
degrees  of  refraction  -,  hut  in  any  one  confidered  by  it- 
felf^  the  fine  of  incidence  is  in  a  given  ratio  the  ftM 
of  refraction. 

Cor.  4.  If  AC  be  the  incident  ray,,  and  CE  the 
refracted  ray  \  arid  if  AC  produced  cut  the  perpendi- 
cular HE  in  I.  Then  CE  :  CI  :  :  as  fine  of  the 
single  of  incidence  :  to  the  fine  of  the  angle  of  re- 
fraction. 

Cor.  5.  The  velocity  of  light  in  the  firji  medium 
ADC,  is  to  its  velocity  in  the  fecond  medium  CF'^ 'y 
as  the  fine  of  the  angle  of  rejradion^  to  the  fine  of  the 
angle  of  incidence. 

For  it  is  as  AC  or  CI  to  CE. 

Cor.  6.  If  parallel  rays  pafs  out  of  one  medium  into 
another^  they  will  alfo  be  parallel  after  refraCtion: 
the  refracting  furface  being  a  plane. 

For  the  rays  being  parallel,  they  are  equally  rc- 
fraded. 

PROP- 
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Fig. 
P  R  O  P.      II.  ^ 

If  heterogeneal  light  he  refracted  out  of  glafs  into 
mr  ;  the  ftne  of  incidence^  is  to  the  fine  of  ref  ration 
cf  the  leaft^  and  moft  refrangible  rays  \  as  50  to  77 
und  78. 

"  This  is  proved  by  experiment  thus  y  take  a  glafs  45. 
prifm  BCD,  with  a  very  acute  angle  C,  and  place  it 
fo,  that  a  ray  of  the  fun  AF  coming  thro'  a  fmall 
hole  in  the  window  fnut,  near  the  prifm,  may  fall 
perpendicularly  upon  the  fide  DC,  and  be  refraded 
by  the  oppofite  fide  at  Y,  the  moft  refrangible  rays 
to  P,  and  the  leaft  refrangible  to  T.  Then  if  EYG 
be  perpendicular  to  the  fide  CB,  by  meafuring 
the  angles  AYE,  TYG  and  PYG,  the  fines  of 
thefe  angles  will  become  known. 

For  example,  if  the  angle  of  the  prifm  BCD  be 
31°  36';  then  fince  the  triangles  CFY  and  CYE 
are  both  of  them  right  angled,  the  angle  BCD  z= 
FYE  the  angle  of  incidence  at  Y  n  31  36,  whofe 
fine  is  .524.  And  the  angles  TYG  and  PYG  will 
be  53  '2,6^  and  54  444*5  whofe  fines  are  .805  and 
.8165.  But  .524  and  .805  and  .8165  are  nearly  ta 
one  another  as  50,  77  and  78. 

Here  the  angle  of  incidence  on  the  plane  BC  is. 
always  equal  to  the  angle  of  the  prifm  BCD  ;  but 
it  may  be  difficult  to  meafure  the  angles  TYG  and 
PYG  truly,  for  want  of  drav/ing  the  perpendicu- 
lar YG  exa6liy.  Therefore  to  avoid  any  error, 
take  the  altitude  of  the  fun,  and  at  the  fame  time 
mark  the  points  P,  T.  Then  to  the  altitude  of 
the  fun,  add  the  angle  of  the  prifm,  which  was 
fhewn  to  be  equal  to  FYE  -,  the  lun  gives  the  ele- 
vation of  the  perpendicular  YG  above  the  hori- 
zon. Then  if  you  take  alfo  the  elevation  of  TY, 
PY  above  the  horizon  ♦,  thefe  taken  from  the  ele- 
vation of  GY,  will  give  the  angles  TYG,  PYG. 

Cor, 
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Fig.      Cor.  I.  ne  angle  PYT,  which  the  coloured  image 
j^^,  fuhtends^  is  about  i°  S'^tj  or  l°  9',  fuhtra^ing  the 
fun^s  diameter. 

Cor.  2.  In  the  coloured  image  PT,  the  lengths  of 
the  fever al  colours,  red^  orange,  yellow,  green,  blue^ 

purple,  violet,  are  found  to  he  — ,  -2.,  _«,  — ,  _^ 

16    80     15      12      12 

J-. ,  — ',   it  is  eafy  to  divide  the  angle  PYT  in  that 
18      9 

proportion ;  and  then  there  will  he  had  the  fines  ofre^ 
fraction  at  the  confines  of  all  the  colours  5  that  is,  yy, 

77t>  77^.  yn^  jn^,  77t,  779. 78- 

For  the  image  is  divided  after  the  manner  of  a 
mufical  cord,  as  Sir  J.  Newton  has  found.  And  in 
fmall  arches,  the  differences  of  the  fines  are  near- 
ly as  the  differences  of  the  arches. 

Cor.  3.  If  light  pafs  out  of  glafs  into  air-,  the  fine 
ef  incidence,  is  to  the  fine  of  reJra£iion  of  the  mean 
rays ;  as  11  to  ly,  or  as  20  to  ^1  :,  which  is  a  greater 
refraElion  than  as  2  to  o^. 

For  the  mean  refrangible  rays  are  thofe  at  the 
confines  of  the  blue  and  green,  or  nearer  the  green, 
whofe  refradion  is  77  ^  or  77  4-. 

Scholium. 

By  a  like  experiment,  the  fine  ©f  incidence  and 
refradion  of  the  leaft  refrangible  rays  out  of  wa- 
ter into  air  is  as  3  to  4,  or  as  81  to  108 ;  and  of 
the  moil  refrangible,  as  81  to  109.- 
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Fig. 
PROP.      III. 

If  A^  B,  C,  he  three  ref racing  mediums^  contain-  46. 
id  between  'parallel  fur  faces  ;  and  if  a  ray  of  light 
DE  faffing  thro^  them  he  refracted  at  E  and  F,  and 
pafs  thro"  the  third  in  direction  FG.  //  will  fiiffer 
the  fame  refra5iion  hy  faffing  thro"  A,  B,  C,.  as  if 
it  went  immediately  out  of  A  into  C. 

For  let  the  medium  C  approach  the  medium  A 
in  dire(5tion  FE,  and  the  medium  B  grow  thinner 
and  thinner,  till  F  fall  upon  E,  and  the  medium 
B  be  vanilhed ;  all  this  makes  no  difference  in  the 
pofition  of  the  line  FG.  And  therefore  the  re- 
fradlion  into  the  medium  C  will  be  the  fame  whe- 
ther the  ray  pafs  thro'  B,  or  goes  immediately  from 
A  to  C,  without  coming  into  B  at  all.  And  the 
fame  likewife  appears  from  experiments* 

Cor.  I .  Hence  if  there  he  never  fo  many  refracting 
mediums  contained  between  parallel  furfaces ;  the 
whole  refraction  of  a  ray  is  the  fame  at  lafi^  in  paf" 
Jing  thro"  all  of  them ;  as  it  would  be  in  paffmg  imme- 
diately out  of  thefirfl  into  the  lafi. 

Cor.  2.  If  fever al  mediums  A,  B,  C,  terminated 
iy  parallel  planes^  he  encompaffed  on  all  Jides  hy  fome 
other  medium  \  any  ray  RD  moving  out  of  this  other 
medium^  and  paffing  thro"  all  the  reft^  will  emerge  pa- 
rallel to  itfelf^  at  coming  into  this  other  medium  again  j 
that  is^  GS  will  he  parallel  to  RD. 

For  the  refra(5lion  is  the  fame  as  if  all  the  me- 
diums A,  B,  C  were  away  \  and  GS  has  the  fame 
diredion  as  RP. 
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PROP.      IV. 


47*  ii^  A,  B,  C  ^^  three  mediums^  and  the  fines  of  in- 
cidence and  refraMian  out  of  A  into  B,  he  a  and  h  % 
and  out  of  A  into  C,  he  a  and  c  \  then  thofe  out  of 
B  into  C,  will  be  h  and  r. 

Let  the  mediums  B  and  G  be  encompaffed  by 
the  medium  A ;  and  let  RD  be  a  ray  refraded  at 
D,  F,  and  G,  and  proceeding  to  K.  Then  (Prop.  III. 
Cor.  2.)  GK  will  be  parallel  to  RD.  At  D,  F,  G, 
let  fall  the  perpendiculars  LDO,  NFP,  IGH. 
Then  by  reafon  of  the  parallels  GK,  RD,  and  GH, 
'  DL,  the  angle  HGK  zz  LDR.  Whence  a  z= 
S.RDL,  h  zz  j.ODF  zz  S.DFN  =  S.  incidence  of 
the  ray  DFonthe  medium  C.  Alfo  a  zz  S.HGK» 
and  confequently  c  zz  S.FGI  zz  S.GFP  zz  S.  re- 
fra6lion  of  the  ray  into  the  medium  C.  Therefore 
the  fines  of  incidence  and  refradion  out  of  B  into 
C,  are  b  and  c. 

Example.  Let  A  be  air^  B  water,  and  C  glafs.- 
And  let  the  fines  of  incidence  and  refradion  out 
of  air  into  water  be  as  4  to  3  ,  and  out  of  air  in- 

to  glafs  as  1 7  to  1 1,  or  as  4  to  — —  5  then  ^  :;=  4, 

4X11      ^,       -       ,      ^        ^  .    . 

h  zz  7^  c  zz •     Therefore  the  fine  of  inci- 

o»  17 

dence  and  refradion  out  of  water  into  glafs  will  be 

AX  II 

3  and >   or  as  3  X  17  to  4  X  11,  or  as  51 

to  44. 

Cor.  If  B,  C,  D,   he  three  mediums*,    and  the 
fine  of  incidence  and  refra5iion  out  of  B  into  C,  he 
as  h  to  c\  and  out  of  C  into  D,  as  r  to  s.     Then 
thofe  out  of  B  into  D  will  he  as  hr  to  cs. 

For 
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For  by  this  Prop,  the  fines  of  incidence  and  re-  Fig. 
fraction  out  of  C  into  B  are  as  c  and  b  ;  and  out  of  47, 


cs 


C  into  D,  as  r  to  J,  or  as  c  to  —    Therefore  thofe 


cs 


out  of  B  into  D,  will  be  as  ^  to  — ,  or  as  hr  to  cs. 

r 

Emnlp.  If  the  fines  of  incidence  and  refradion 
out  of  glafs  into  air,  be  as  20  to  31  •,  and  out  of 
air  into  water,  as  4  to  3.  Then  the  fines  of  inci- 
dence and  refradion  out  of  glafs  into  water,  will 
be  as  20  X  4  to  3 1  X  3,  or  as  80  to  ^i* 

PROP.     V. 

^he  forces  of  ladies  to  refraEl  lights  are  nearly  as 
their  denftties  ;  excepting  that  un5iious  and  fulphureous 
bodies  refraoi  more  than  others  of  the  fame  denjity. 

In  uniformly  accelerated  motion,  (by  Prop.  V. 
■Cor.  2.  Mechan.)  if  the  body  is  given,  the  velo- 
city is  as  the  force  and  time ;  and  the  fquare  of 
the  velocity,  as  force  X  time  X  velocity  ;  that  is, 
(by  Cor.  Prop.  VI.  ib.)  as  the  force  X  fpace  de- 
fcribed,  and  that  is  (when  the  fpace  is  given)  as  the 
force.  Let  AF  be  the  refrafting  furface,  and  let  4^, 
it  be  divided  into  an  infinite  number  of  equal  parts 
terminated  bv  parallel  planes  pafling  thro'  A,  B, 
C,  D,  &:c.  Put  ^  zi  AB  or  BC,  &c.  /,  ^,  h,  &c. 
for  the  forces  adling  in  AB,  BC,  CD,  &c.  which 
jnay  be  efteemed  uniform.  Then  the  velocities 
acquired  in  falling  from  reft,  thro'  AB,  BC,  C1l>^ 
will  be  as  y//"?  s/g-^  \/h ;  and  their  fquares  as  f\ 
gy  k  But  (by  Cor.  3.  Prop.  XX.  Mechan.)  the 
fquare  of  the  velocity  at  B  being  /,  the  fquare  of 
the  velocity  at  C  is  zz  fquare  of  the  velocity 
^t  B  4-  the  fquare  of  the  velocity  in  paffing 
thro'  BC  from  reft  1=:  f  -{-  g.  And  the  fquare 
of  the  velocity  at  D  iz:  fquare  of  the  velocity  at 

C  + 
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Fig.  €  +  the  fquare  of  the  velocity  in  pafling  thro' 
4p,  CD  z=:f-{'g  +  h,     Andfo  on,  therefore  the  ve* 

locity  at  F  z=  y/f-^g  +  h  &c,  =  fquare  root  of 
the  force. 
48.  Let  AB  be  the  refrading  furface,  IC  the  inci- 
dent ray,  infinitely  near  AC,  and  CR  the  refraded 
ray.  Let  CB  iz  CA,  and  BR  perp.  to  CB.  Then 
CB  (zi  CI  IZ  i)  is  the  parallel  motion  of  the  ray, 
and  BR  the  perpendicular  motion,  which  is  gene- 
rated by  the  refradion.  And  therefore  BR  is  as 
the  fquare  root  of  the  refradling  force,  as  was  Ihewn 
before  -,  and  the  refrading  force  is  as  the  denfity, 
therefore  the  fquare  of  BR  is  as  the  denfity  of  the 
medium. 

Let  the  fines  of  incidence  and  refradion  be  as 
m  to  n.     Then  we  have  mini:  CR  :  CB  zz   i, 

and  CR  zz  ^,  and  BR^  zz  CR^  —  CB^  =:  ^  —  i. 

n  nn 

Therefore  in  the  following  table,  againfl  the  names 
of  the  bodies  in  the  firft  column,  you  have  the 
fines  of  incidence  and  refradion  in  the  fecond, 
the  fquare  of  BR  or  the  refrading  power  in  the 
third,  their  denfity  or  fpecific  gravity  in  the  fourth, 
and  their  ratio  in  the  fifth  column. 


Bodies 
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Bodies 

Refradion 
m               n 

Refradling 
power 

1 

jDenfity 

theRa- 
tio 

0.39 

Pfeudo  topaz 

23 

14 

1.699 

;4.27 

Air 

3201 

3200 

0.000625 

0.0012 

•52 

Glafs  of  7 
AntimonyX 

^7 

9 

2.568 

5.28 

.48 

A  Selenitis 

61 

41 

1. 213 

2.252 

•54 

Glafs 

31 

20 

1.4025 

2.58 

.54 

Rock  Cryftal 

25 

16 

1-445 

2.65 

.54 

laand  Cryftal 

5 

3 

1.778 

2.72 

.65 

Sal  Gemmse 

17 

II 

1.388 

2.143 

.64 

Alumn 

35 

24 

1. 1267 

1. 714 

^65 

Borax 

22 

15 

1.1511 

1714 

.67 

Niter 

32 

21 

^•345 

1.9 

.70 

Vitriol 

303 

200 

1.295 

1715 

•75 

Ol.  Vitriol 

10 

7 

1.041 

^'7 

.61 

Rain  Water 

529 

39^ 

0.7845 

I. 

.78 

Gum  Arabic 

31 

21 

1. 179 

'-375 

.85 

Spt.  Wine 

100 

73 

0.8765 

0,866 

1. 01 

Camphire 

3 

2  1.25 

0.996 

1.25 

Oil  Olive 

22 

1511511 

0913 

1.26 

Linfeed  Oil 

40 

271.1948 

0.932 

1.28 

Spt.  turpentine 

25 

171. 1626 

0.874 

1.32 

Amber 

14 

91.42 

1.04 

1.36 

Diamond 

100 

414.949 

3.4 

1-45 

97 

48, 


Fig. 


This  table  of  Sir  J.  Newton's,  made  from  a  great 
many  experiments,  fhews  that  thefe  bodies  that 
differ  from  a  conftant  ratio,  are  fuch  as  abound 
more  or  lefs  with  oily  fulphureous  particles.  And 
that  fuch  oily  fulphureous  fubftances  have  a  greater 
refra6live  power  than  others,  in  proportion  as  they 
are  of  a  more  fulphureous  nature. 

Cor.  I .  The  fquare  of  BR  is  as  the  denjtty  of  the 


H 


Cor. 


^^  DIOPTRICS. 

Fig.      Cor.  2.  Ref ration  out  of  a  thinner  medium  into  a 
48.  thicker^  is  made  towards  the  perpendicular-^  and  the 
contrary. 

Cor,  3.  When  light  paffes  out  of  a  thicker  into  a 
.  thinner  medium^  if  the  obliquity  of  the  incident  ray  he 
fo  greats  that  the  fine  of  its  incidence  has  a  greater 
proportion  to  the  radius^  than  the  fine  of  incidence  to 
the  f,ne  of  refraction ;  th^t  is,  when  the  fine  of  re- 
fraction would  he  greater  than  the  radius,  which  is 
mpojjihle.  Then  the  light  will  not  pafs  into  that  me- 
dium, hut  he  refte^ed  hack.  And  therefore  light  will 
not  pafs  out  of  glafs  into  air,  ahove  42  degrees  of  in- 
cidence J  hut  is  refle^ed  hack  into  the  glafs, 

PROP.     VI. 

ro,  Let  AGFO  he  any  denfe  medium,  KE^perp.  to  AO, 
KG  an  incident  ray,  making  the  angle  HOF  infinite- 
ly f  mall,  OB,  OC  the  refra5Ied  rays,  heing  the  leafi 
and  moft  refrangible.  Draw  Br  parallel  to  AO,  cut- 
ti7ig  OC  in  c  ',  thro'  c  draw  ace  parallel  to  AE  -,  then 
in  any  other  denfe  medium  AGH,  //  the  leaft  refran- 
gible rays  (of  the  incident  ray  WO)  pafs  to  D  i  then 
drawing  De  parallel  to  AO  to  cut  ae  in  e,  the  moft 
refrangible  rays  will  pafs  thro*  e. 

Let  the  ray  OE  cut  D^  in  r,  and  if  HO  or  OA 
be  the  velocity  of  the  incident  ray,  then  (Prop.  L. 
Cor.  5.)  OB,  OC,  OD,  OE  will  be  |ie  velocity  of 
the  rays  going  to  B,  C,  D,  E  i  and  (Prop.  V. 
Cor.  I.)  AB'"  :  AD^  :  :  denfity  of  the  firft  medium  : 
dcnfity  of  the  fecond  :  :  AC^  :  AE\  And  AB  : 
AC  :  :  AD  :  AE  •,  whence  AC  :  CB  :  :  AE  :  ED. 
And  by  fimilar  triangles,  Br  :  AO  :  :  (CB  :  CA  :  : 
Ed  :  EA  :  :)  Dr  :  AO ;  whence  Dr  z=  Br  ~  De, 
and  r  falls  upon  e  in  the  line  ahe.  Therefore  in  all 
mediums,  where  the  angle  of  incidence  is  a  right 
angle,  the  extreme  refraded  rays,  will  cut  the  pa- 
rallels 
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rallels  AE,  ae^  in  the  points  B,  r,  and  D,  e^  mak-  Fig. 
ing  Be,  D^  alfo  parallel  to  one  another,  and  to  the  50. 
refracting  furface  OA. 

But  this  does  not  hold  good  when  the  angle  of 
incidence  is  not  a  right  angle. 

Cor.  I.  If  the  medium  is  fuch^  that  the  mean  re- 
frangible rajs,  are  refraEled  at  an  angle  of-^c^""  with 
OA,  then  the  rays  will  be  the  moft  difperfed  by  re- 
fraction. 

For  the  angle  DOE  will  be  greateft  when  AO 
makes  45  degrees  with  a  line  drawn  from  O,  bi- 
fedling  Y)e, 

Cor.  2.  //  does  not  hold  that  the  fines  of  refraElion- 
ef  the  heterogeneous  rays^  are  proportional,  S.B  :  S.C 
:  :  S.D  :  S  E. 

For  that  proportion  in  inconfillent  with  this, 
AB  :  AC  :  :  AD  :  AE. 

Cor.  3.  Neither  does  this  conflruEiion  hold  good,  ifp 
me  and  the  fame  medium,  for  different  incidencies. 

For  if  the  heterogeneous  rays  at  incidence  90, 
pafs  thro'  B,  c  ♦,  at  lefs  incidencies  they  will  not  pafs 
thro'  D,  e  -,  the  line  T)e  growing  perpetually  lefs,  a^ 
the  angle  AOD  grows  bigger.  For  in  this  cafe,  it 
is,  S.B  :  S.C  :  :  S.D  :  S.E,  which  is  inconfiftent 
with  the  proportion  AB  :  AC  :  :  AD  :  AE,  on 
which  the  equality  of  Br,  D^,  depends. 

S  C  HOL  lUM. 

If  the  denfe  medium  AG  HA  be  glafs,  then  if 
OA  be  40,  A  a  will  be  i  ;  as  may  be  calculated 
from  having  OA  given,  and  the  lines  of  incidence 
and  refradion.  And  this  may  ferve  for  a  ftandard, 
whereby  to  meafure  the  refradlions  of  other  me- 
diums. 


H  2  PROP. 
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Fig, 

PROP.      VII. 

52.  If  homogeneal  rays  he  refracted  by  a  prifm  ABC, 
the  inclination  of  the  incident  and  emergent  rays  is 
leafi^  when  the  ref ration  is  equal  on  both  Jides^  APH 
=  BSR. 

ri.  In  order  to  prove  this,  let  the  angle  big  zz  gld^ 
'  and  let  ^I,  ^I,  JI,  be  three  homogeneal  rays,  pair- 
ing out  of  a  denfer  into  a  rarer  medium,  and  re- 
fra6ted  at  I,  in  the  lines  IB,  IG,  ID;  draw  the 
fines  bn^  go^  dp^  and  BN,  GO,  DP.  Now  it  is 
known,  that  in  fmall  arches,  thefe  arches  are  nearly 
as  their  fines,  and  the  increafes  of  the  arches  as  the 
increafes  of  the  fines  ;  but  as  the  arches  increafe, 
that  increafe  has  a  greater  ratio  to  the  increafe  of 
the  fine  •,  and  ftill  greater  and  greater  as  the  arches 
become  bigger.  Now  fmce  the  fines  bn^  go^  dp 
have  a  given  ratio  to  BN,  GO,  DP,  and  their  in- 
-crements  to  their  increments.  And  lince  AB  is 
greater  than  ab^  therefore,  putting  incOG  for  in-- 

creafe  of  OG,  &c.  we  have       ^     greater  than 


greater  than  inc. 


^ D — ,  md  inc.nbxDG 

jnc.o§^~  incnb 

inuch  greater  than  incog  X  BG.     Divide  by  incnb^ 

and  incog  (which  are  not  in  fo  great  a  ratio),  and 

then  DG  is  greater  than  BG.     Whence  the  fum  of 

the  refra6lions  AB,  AD,  is  greater  than  twice  the 

refradlion  AG,  into  the  rare  medium. 

-2        Now  let  the  ray  PS  be  refraded  into  the  lines 

^  *  PH,  SR  making  the  <  APH  zz  BSR.     Alfo  let 

the 
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the  ray  PQ  be  refracted  into  PI  and  QL.  Draw  Fig. 
PON  perp.  to  CA,  and  QO,  SN  perp.  CB.  Pro-  52. 
duce  RS,  HP  to  V,  and  IP,  LQ^to  T.  Then 
<OPQ  +  OQP  z=  C  =z  <  NPS  +  NSP  zz 
2NPS,  for  O  and  C,  or  N  and  C,  make  two  right 
angles.  Therefore  the  angles  OPQ,  OPS,  and 
OQP  have  equal  differences,  and  their  angles  of 
refradion  are  OPT,  OPV,  and  OQ3\  Therefore, 
by  what  was  fhewn  before,  OPT  +  OQT  is  greater 
than  2OPV  or  NPV  -f  NSV;  and  taking  away 
the  equal  angles  OPQ^+  OQP  =  NPS  +  NSP, 
and  there  remains  QPT  +  PQT  greater  than  SPV 
+  PSV,  that  is,  DTQ^  greater  than  FVS,  and 
therefore  the  inclination  RVF  is  lefs  than  any  other 
inclination  LTD. 

Cor.  I.  The  greater  the  obliquity  of  the  ray  IP 
entering  into  the  prifm^  the  greater  will  he  the  incli- 
nation of  the  incident  and  emerge?it  rays^  DTL. 

This  appears  from  what  was  proved  in^^.  51, 
where  the  greater  the  arch  is,  the  greater  is  the 
ratio  thereof  to  the  fine. 

Cor.  2.  If  a  prifm  he  placed  near  the  hole  in  a 
window  Jhut^  for  a  beam  of  the  fun  to  pafs  thro\  fo 
as  to  throw  the  image  upwards ;  the  loweft  place  of 
the  image  where  it  appears  ft ationary  (in  turning  the 
prifm  flowly  ah  out)  ^  is  when  the  incident  and  emerg- 
ing rays  make  equal  angles  on  each  fide  the  prifm. 

Cor.  3.  ThSre  are  two  pofitions  of  the  prifm^  where  Si* 
the  image  wilt  have  the  fame  place^  and  that  is  where 
the  ray  paffing  thro^  it^  cuts  the  contrary  ftdes  at  the 
fame  angles. 

For  if  IPQD  be  the  progrefs  of  the  ray,  and  if 
<  CGF  :  =  <:  CPQ,  and  CFG  n  CQP.  Then 
the  fum  of  the  refractions  of  the  ray  FG,  will  be 
equal  to  the  fum  of  the  refra6tions  of  the  ray  PQ^ 
Therefore  if  the  prifm  be  turned  about  the  axis, 
H  3  till 
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Fig.  till  the  angle  IP  A  be  equal  to  DQB  ;  then  the  ray 
^2-  "will  pafs  along  FG  and  go  to  D,  as  before  it  did 
in  going  along  PQ. 

£2,  Cor.  4.  IVben  the  angles  of  incidence  and  refrac- 
tion are  equal  on  both  fides  the  prifm ;  the  angle  of 
refraction  NPS  is  equal  to  half  the  angle  C  of  the 
p'ifm. 

For  we  proved  before  that  C  is  equal  to  2NPS. 

PROP.      VIIL 

54.  Heterogeneous  rays  being  refraSled  by  a  'prifm  ABC, 
the  more  oblique  the  incident  ray  IP  /j,  the  lefs  will  be 
the  feparation  of  the  rays  SL,  Q/- 

Inilead  of  a  more  tedious  method  of  demonftra- 
"tion,  I  Ihall  compute  the  progrefs  of  the  rays  tri- 
gonometricaliy,  the  angle  C  being  60°,  and  the 
fines  of  incidence  and  refradion  out  of  air  into 
glafs  being  as  jo6  to  6^  and  69. 

I*  Let  the  angle  of  incidence  API  be  infinitely 
fmall,  then  it  will  be 


106- 

6%- 


Rad. 


.2.0253059 
■1.8325089 


10. 


106 

% 
Rad.- 


-  2.0253059 
-I. 8388491 
10. 


S^40  Z^ 9-^135432 

the  ande  OPS. 


S.39  54 9.8072030 

the  angle  OFQ^ 

Thefe  angles  taken  from  (CI  60,  leave  20  6, 
and  19  23  for  the  angles  of  incidence  at  Q^and  S. 
Therefore  again. 


.1.8325089 
•2.0253059 
95361^86 


^% 

106 

20  6  — 

11.5614345 
32  234-  — 9.7289256 

30  39 


6p 1. 8388491 

106 2.0253059 

19  23  —  9.5209899 

11.5462958 

30  39  —  9.7074467 


dif.  I  44^ 

the  rays  SL,  Ql 


the  angle  of   diflipation  between 


2.  Let 
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2.  Let  /Q  be  the  incident  ray ;  then  fince  .the Fig., 
moft  refrangible  ray  will  return  thro'  /QP  to  I,  54. 
making  the  angle  API  infinitely  fmall.     Therefore 

we  have  nothing  to  do,  but  trace  the  leaft  refran- 
gible ray  thro'  /QRH.     Therefore 

106 2.0253059 

6^ 1. 8388491 

S.  32  234— -9.7^89256 
11.5677747 
S.  20  244-  —  9.542468S 
*      the  angle  RQO, 

Then  20  244  taken  from  60  leaves  39  35 J  for 
the  angle  of  incidence  at  R,  or  QRO,  therefore 

69 1. 8388491 

106  -- —  2.0253059 

5'  39   35t  — 9.8043520 

11.8296579 

S.  yS  15  —  9.9908080 

And  78  15  taken  from  90,  leaves  11  45  for  the 
angle  made  by  RH  and  PI,  for  the  feparation  of 
the  rays  at  P  or  R,  far  exceeding  that  at  Q  or  S. 

3.  Let  the  angles  at  P,  Q^be  equal,  being  each 
equal  to  60  -,  whence  the  angle  of  incidence  is  30. 
Then 


68 1.8325089 

106 2.0253059 

S.30 ■-  9.6989700 


11.7242759 
S.51  124  —  9.8917670 


69  ^ 1. 8388491 

106 2.0253059 

S.30  — ~—  9.6989700 

11.7242759 

S.50    II  —    9.885426S 


51       12i 

50       II 

diff.      I       It 

And  I  it  doubled  gives  2  :  03  the  whole  fepa- 
ration by  both  fides  of  the  prifm,  when  the  angles 

H  4  at 
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Fig.  at  P  and  Q^are  nearly  equal,  and  the  rays  come  on 

54.  any  fide. 

So  that  when  the  rays  fall  very  obliquely,  the 
reparation  of  the  heterogeneous  rays  is  only  1  44^-. 
When  their  incidence  and  emergence  are  about 
equal,  it  is  2  03.  And  when  their  incidence  is  fo 
near  a  perpendicular,  that  their  emergence  is  the 
moft  oblique,  it  is  j  i  45. 

PROP.      IX. 

5S'  If  K  he  the  radiant  pointy  RP  perpendicular  to  the 
ref racing  plane  fur  face  PA.  nen  if  RA  he  the  in- 
cident ray^  AH  the  refracted  ra)\  cutting  RP  /»  F  ; 
then  F  will  he  focus ^  fo  that  FA  :  RA  :  :  ^dnci- 
dence  :  S.ref ration. 

For  the  angle  PR  A  =z  angle  of  incidence,  and 
PFA  z=  angle  of  refradtion,  and  in  the  triangle 
ARF,  FA  :  RA  :  :  S.FRA  :  S.PFA  :  :  S.angle  of 
incidence  :  S.angle  of  refradtion. 

Cor.  I.  As  the  fine  of  refratlion  :  to  the  fine  of  in- 
cidence :  fo  the  incident  ray  to  the  refraSled  ray. 

Cor.  2.  If  rays  diverging  from  R,  diverge  from  F, 
dfter  refra^ion ;  then  rays  converging  to  F  will  con- 
verge to  R  after  refraction. 

Cor.  3.  Parallel  rays  falling  on  a  ref racing  plane^ 
are  refracted  into  parallel  lines. 

For  R  and  F  being  at  an  infinite  diilance  j  all 
rays  proceeding  from  R  will  be  parallel  to  one 
another,  and  all  rays  proceeding  from  F  will  alfo 
be  parallel. 

Cor.  4.  If  rays  diverging  from  R,  diverge  from  F 

after  refra^ion ;  then  changing  the  mediums^  the  rays 

diverging  from  F,  will  diverge  from  R,  after  refrac- 

\  ti&n.  Cor. 
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Cor.  5.  If  rays  RA,  R^,  falling  near  P,  he  re-  Fig. 
framed  frcm  the  focus  F  \  then  FP  :  RP  :  :  S.f»a-  p^^, 
dence  :  S.refra^fion, 

For  then  FA  =:  FP,  and  RA  rz  RP,  nearly. 

Cor.  6.  If  K  is  an  ohje£i  under  water ^  and  the  57*^ 
eye  moves  from  C  /<?  D  and  then  to  H,  ^c,  the  oh- 
je5i  will  feem  to  rife  in  the  perp.  RP,  ////  at  lafi  it 
vanifhes  in  P.  Hence  water  looks  deepefi  when  looked 
at  perpendicularly ;  hut  it  appears  not  then  to  he  fo 
deep  as  it  is^  hy  a  fourth  part._ 

For  when  the  angle  of  incidence  ARP  is  48  :  40, 
the  angle  of  refradtion  iiFP  becomes  90.    And  at 

C,  the  apparent  place  of  R  will  be  at  F,  fo  that 
FP  :  RP  ;  :  3  :  4.  or  PF  z:  4  PR. 

P  R  O  P.     X. 

If  AV  he  any  refracting  fpherical  furface^  C  the  r§, 

center^  ^  the  radiating  pointy  ¥  the  focus  after  refrac-  i^q^ 

tion ',  then  RA  xftne  of  incidence  :  CR  Xjtne  of  re-  60. 

f ration  :  :  AF  :  CF.  5i^ 

Let  RA  be  the  incident  ray,  AG  the  refraded 
one.  Draw  FH  parallel  to  CA,  cutting  RA  in  H. 
Then  <  RHF  —  RAC  r=  angle  of  incidence,  and 
AFH  —  FAC  zn  angle  of  refradtion.  Put  m^  n^ 
for  the  fines  of  incidence  and  refradlion.  Then  in 
the  triangle  AFH, 
S.RHF  or  AHF  {m)  :  S.AFH  {n)  : :  AF  :  AH- 

And 
by  fimilar  triangles,  AR       :  CR     ::AH:CF. 

and  ex  equo,  m  X  AR       :    ;/  X  CR     : :  AF  :  CF. 

Cor.  I.  On  the  contrary^  if  the  rays  go  the  contrary 
way  in  the  line  QK  or  FA,  they  will  he  refracted  to 
R  \  and  R  and  F  will  he  conjugate  foci. 

Cor. 
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Fig.  Cor.  2.  1/  rays  diverging  from  Ry  converge  to  F , 
then  changing  the  mediums^  rays  converging  to  R  will 
diverge  from  F.  Or  if  rays  diverging  from  R,  di- 
verge from  F,  then  changing  the  mediums^  rays  con- 
verging to  R,  will  converge  to  F,  after  refraElion, 
Which  faves  the  labour  of  drawing  more  figures, 

'  PRO  P.      XL 

58.  If  KSfahe  a  very  fmall  part  of  a  refra6ling  fphe- 

59.  rical  fur  face  ^  C  the  center^  R  the  radiating  point  or 

60.  ohje5i^  F  the  focus  after  refra^ion\ 

61.  ^hen  the  diflance  of  the  ohjebi'  and  vertex  RV  y^fine 

of  incidence  : 
Bifiance  of  the  ohjeSiand  center  RQyfine  of  ref ration : : 
Diflance  of  the  vertcDC  and  focus  VF  r 
Dijiance  of  the  center  and  focus  CF,  nearly. 

Let  RA  be  the  incident  ray,  AG  or  AF  the  re- 
fraded  ray ;  then  fince  A  is  very  near  the  vertex  V, 
RA  zz  RV,  and  AF  1=  VF  nearly.  And  (Prop.  X.) 
putting  m^  n  for  the  fines  of  incidence  and  refrac- 
tion, ;;2X  AR  :;^xCR:  :  AF:CFj  that  is,  ;;?xRV : 
nx  CR::VF:CF. 

Cor.  I .    If  m^  n^  he  the  fines  of  incidence  and  re- 

fra^ion^  then  m  x  VR  +  ;^  x  CR  :  ;;^  X  VR  :  :  CV  : 
VF. 

This  follows  from  the  Prop,  by  compounding  or 
dividing. 

Cor.  2.  If  the  rays  he  turned  hack  again  in  the  line 
GA,  they  will  he  ref raffed  to  the  focus  R-^  which 
fupplies  the  place  of  more  figures, 

^^'^'  3-  ¥  ^  ^^^  F  fy^  ^^  the  fame  fde  of  the  re- 
fracting furf  ace -,  rays  diverging  from  R  will  diverge 
from  F  ;  //  they  lie  on  different  fides  ^  they  converge 
to  F. 

PROP. 


O/i^u^. 


Vl.^.pa.ioo 
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Fig. 
PROP.      XIL 

If  parallel  rays  RA,  RV  fall  upon  any  refraEling  62. 
fpherical  fur  face  AV,  whofe  center  is  C  y  F  will  he  6^, 
the  focus  of  the  refra5fed  rays^  fo  that^  the  fine  of  in- 
cideme  vjine  of  refraction  :  :  AF  :  CF. 

Draw  the  radius  C  A,  then  RAC  or  ACF  is  the 

angle  of  incidence  (or  its  fupplement),  and  FAC 
the  angle  of  refradion.  Let  m^  n^.  be  the  fines  of 
incidence  and  refradtion.  Then  in  the  triangle 
AGF,  S.AGF  [m)  :  S.G AF  (n)  :  :  AF  :  CF. 

Gor.  I .  If  the  rays  he  turned  hack  in  the  line  G A» 
and  refra^ed  at  A,  they  will  emerge  parallel. 

Gor.  2.  If  AY  he  any  refracting  cur 'ue^  AC  perp. 
to  the  curve  in  A  \  and  GF  parallel  to  RA  ;  and  if 
^A  he  the  incident  ray^  AF  the  ref railed  ray  \  then 
AF  :  FG  :  ^.incidence  :  S,refra5!ion. 

P  R  O  P.      XIII; 

If  parallel  rays  RA,  RV,  fall  on  a  very  fmall  part  62. 
of  a  refracting  fpherical  fwface  Aa^  whofe  center  is  6^^ 
C  ;  and  if  F  he  the  focus  ^  then  fine  of  incidence  \fine 
of  refraction  :  :  VF  :  GF,  nearly. 

For  as  AV  is  a  very  fmall  arch,  AF  n  VF  near- 
ly, therefore  (Prop.  XII),  S.incidence  :  S.refrac^ 
tion  :  :  AF  (VFj  :  GF. 

Cor.  I,  If  m-^  n^  he  the  fines  of  incidence  and  re- 
fraction \  then  m  —  n  :  m  :  :  radius  GV  ;  VF  the 
principal  focal  diftance  from  the  vertex, 

¥Qvm:n\NF  (VG  -f-  GFj  :  CF j  and  by  divi- 
fion,  m  —  n  :  m  :  :  VG  :  VF. 

Cor. 
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Fig,  Cor.  2.  ^he  focus  of  parallel  rays  refra^ed  hy  a 
62,  convex  fpherical  furface  of  glafs  is  dijiant  from  the 
€3.  vertex  near  three  times  the  radius. 

For  m  is  to  n^  nearly  as  3  to  2,  and  m-^nxm 
»a  as  I  to  3% 

Cor.  3.  As  m  —  n  the  difference  of  the  fines  :  t9. 
n  the  leffer  :  :  as  CV  the  radius  :  to  VF  —  VC,  d/ 
CF  the  difiance  of  the  focus  from  the  center. 

P  R  O  R      XIV. 

64.  If  AV  be  a  fmall  portion  of  a  refracting  fpherical 
t)^.  furface^  C  the  center^  t^  T  the  principal  foci^  or  the 
foci  of  parallel  rays  coming  out  of  one  medium  into 
the  other.  And  if  R  he  the  radiating  pointy  F  the 
focus ;  then  it  will  be^  R/  :  R V  :  :  RC  :  RF ;  or  the 
contrary^  changing  the  focus  for  the  radiating  point. 

Let  w,  n  be  the  fines  of  incidence  and  refradlion, 
d  zz  RV,  and  r  zz  radius  CV.      Then  (Cor.  i. 

Prop.  XIII.)  m  —  n:m::r:  --I^  zz  VT.  And 

m —  n 

on  the  contrary  n  —  m  :  n  :  :  r  : z=  V/,    or 

n  —  m 

rather  V/  z=     ^^    ,  and  VT  —  VC  or  CT  ir 


m  —  n 
rm  rn 


,  therefore  Yt  zi  CT,   and 


m  —  n  m 

VT  =  tC.  

But  (Prop.  XI.  Cor.  i,)nid  —  nX  d'\-  r  t  md :  : 
r  :  VF  (in  fig.  64.),  or  md  —  nd  —  nr  :  mr  :  :  d  : 

VF;  and  dividing  by  m  —  n^d  — : :  : 

m  —  n    m  —  n 

d  :  VF  ;  that  is,  RV  —  Yt  or  Rt  :  VT  or  tC  :  : 

RV  :  VF.     And  compounding,  R/  :  R/   +  tQ 

(RC)  :  ;  RV  :  RV  4-  VF  fRF).     And  (in  fig.  6^.) 

it 
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it  ismd  —  nd-hrnimd::  r  :  VF.     Whence  RV  Fig. 
+  V/  :  VT  or  C/  :  :  RV  :  VF,  &c.  64. 

Cor.  I.  R/  itCorVTiiRY:  VF.  ^^* 

From  the  demonftration. 

Cor.  2.  R/  :  /C  :  :  CT  :  TF. 
For  (Cor.  i.)  R/  :  /C  :  :  RV  :  VF  :  :  RV  — R/ 
(/V  or  QT)  :  VF  —  /C  or  VF  —  VT  (TF). 

Cor.  q.  R/  :  /V  :  :  VT  :  TF. 

For  (Cor.  i.)  R^  :  TV  :  :  RV  :  VF  :  :  RV  — 

R/(/V):VF  — VT(TF). 

Cor.  4.  IfT^  t  he  the  principal  foci^  of  rays  paf- 
fmg  out  of  one  medium  into  the  other  \  then  CT  ~  V/. 
From  the  demonftration. 

PROP.      XV. 

Jf  AV  le  a  fmall  portion  of  a  ref railing  fpherical  66. 
furface  •,  C  the  center^  R  the  radiating  point  or  the 
focus   of  the  incident   rays^  F    the  focus  of  the   re- 
framed  rays.     And  if  m  z=l  S.incidence^    n  rz  S,re- 
framon,  RV  =  J,  CV  =  r,  VF  zz/;  then  f  - 

mdr 

== ;  where  if  the  rays  converge^  or  AV 

fn  —  nX  d  —  nr 

he  concave  •,  d  or  r  will  he  negative. 

For  fince  the  arch  AV  is  very  fmall,  RA  ~  RV 
—  d,  AF  =:  VF  r:  /.  Draw  FH  parallel  to  CA, 
cutting  RA  in  H.  Then  by  fimilar  triangles  RC 
(d  4-  r)  :  CF  (/—  rj  :  :  RA  or  RV  (d)  :  AH  = 

^tl^.     Then  in  the  triangle  AFH,  S.AHF  or 
d  -{-  r 
CAH  (m)  :  S.AFH  or  CAF  (71)  :  :  AF  or  VF 

(f)  •  AH  (^l—^).     Whence  nf  -  ^Izi^  m, 
V^*  \  d-^  r  ^  d  -{-  r 

and 
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Fig.  and  ndf  +  nrf  zz  dmf  —  dmr,  or  mdf  —  ndf-  — 
^^'  nrf  =  mdr^  therefore  /  iz  ^  ^ 


Cor.  i^  f  ^ 


md  —  nd  —  nr 
mdr  mdr 


m  —  n.d  —  nr       md  —  n^d-^-r 


Cor.  2.  If  rays  fall  on  a  concave  refra5lor^  f  zz 
—  mdr 


m  —  n  .  d  -{-  nr 

Cor.  3.  If  the  rays  converge  to  Ry   f  zz 


m  —  n ,d  4-  rir 

—  mdr 

Forf  zz  = 

m  —  nX  —  d  —  nr 


m 

—  md 


Cor.  4.  If  it  be  a  'plain  furface^.f  zz 

-n 

For  it  is/  =  -^  =  -  ^,  r  being  infinite. 

—  nr  n 

Cor.  5.  If  the  rays  he  parallel  f  ~ r, 

m  —  n 

For  then  d  is  infinite,  and  /  iz 


m  —  n,d 

Scholium. 

From  this  general  folution  it  follows,  that  when 
/  the  focal  diftance  comes  out  affirmative,  it  muft 
be  taken  directly  forward  from  V,  but  when  it  is 
negative,  it  mufl  be  taken  backward  towards  R. 

In  the  fame  manner  that  /  is  found  from  hav- 
ing J,  and  r,  given-,  either  d  ox  r  may  be  found 
from  having  the  reft  given.     For  example,  let  r  be 

«  widv 

fought.  Multiply  the  equation,/—  — ; , 

md  —  nd  —  nr 

by 
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by  the  denominator  md  —  nd  —  nr^    and  we  fhall  Fig. 

have  mdf —  ndf  -^^  nrf  zi  mdr-,    and  tranfpofing,  66. 

Tyidf ""~"  Tidf 

mdr  +  nfr  =.  mdf  —  ndf  whence  r  zz  — I- ^ . 

md  +  nf 

And  this  fhews  that  when  m  is  greater  than  n^  r 
comes  out  affirmative,  and  that  the  refradlor  is  con- 
vex towards  the  objed.  But  when  n  is  greater 
than  m,  r  will  be  negative,  and  therefore  'tis  con- 
cave to  the  objedt. 

Again,  let  d  be  fought,  having  /,  r,  given. 
From  the  former  equation,  mdf  —  ndf  —  nrf  rz 
mdr  \  by  tranfpofing,  mdf  —  ndf  —  mdr  —  nrf^ 

and  d  =.  :/ .     And  from  hence  it  ap- 

mf —  nf —  mr 

pears,  that  if  mf  be  greater  than  nf  -h  mr,  then  d 
is  affirmative ;  that  is,  R  is  on  the  convex  fide  of 
the  refradlor.  But  when  nf  +  mr  is  greater  than  mfy 
then  d  comes  out  negative,  and  R  is  on  the  concave 
fide  of  the  refrador.  And  if  mf  be  zz  ;?/  +  mr,  then 
d  will  be  infinite,  and  F  is  the  focus  of  parallel  rays.    6y. 

It  may  be  further  obferved,  that  in  ail  cafes  v/here 
the  rays  converge  to  F,  if  a  circle  BD  be  defcrib- 
ed  with  any  radius  from  the  center  F,  to  cut  the 
refradled  rays  AF  -,  thefe  rays,  paffing  thro'  the 
menifcus  AVDB,  will  go  to  the  fame  focus  F.  For 
thefe  rays,  paffing  perpendicularly  thro'  the  re- 
fracting furface  BD,  go  right  forward.  And  for 
the  fame  reafon,  rays  diverging  from  F,  v/ill  go 
to  R  as  before. 

PROP.     XVI. 

If  parallel  rays  RA,  ^V  fall  upon  a  fmall  portion.  ^S. 
of  a  fphere,  and  he  refra^ed  by  the  firft  furface  to 
T  •,  they  will  he  refra5led  hy  the  fecond  furface  to  F, 
the  middle  of  DT. 

Let  the  rays  RA,  FG  meet  in  H  •,  then  fince 
the  cord  AG  cuts  the  curve  at  A,  G  in  equal  an- 
gles, 
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Fig.  gles,  the  refradions  will   be  equal  at  A  and  G ; 

6S,  whence  the  triangle  AHG  is  equiangular,  and 
equilateral.  But  FT  being  parallel  to  AH,  the 
triangle  OFT  is  fimilar  to  AHG  -,  whence  GF  zz 
FT.  But  GF  being  z:  DF  very  near,  therefore 
DF  =1  FT. 

Cor,  If  parallel  rays  fall  upon  any  part  of  a 
fphere ;  and  T  be  the  focus  after  the  firft  refraction  \ 
F  will  be  the  focus  after  the  fecond^  Jo  that  GF  zz 
FT. 

PROP.     XVII. 

6p.       In  any  lens  BH,  //  two  radii  CA,  ca,  b^  drawn 

70.  p^^^llel  to  one  another^  from  the  centers  C,  ^ ,  of  the 

two  furfaces ;  and  Ka  be  drawn  cutting  the  axis  in 

D.     'Then  every  ray  that  paffes  thrd  D,  fhall  have 

its  incident  and  emergent  rays  parallel. 

For  by  reafon  of  the  parallels  CA,  ca^  the  tri- 
angles CAD,  cad^  are  fimilar  ♦,  therefore  CD  is  to 
fD,  as  CA  to  ca^  that  is  in  a  given  ratio;  and 
therefore  the  point  D  is  invariable.  And  further 
the  angles  at  A  and  a  being  equal,  the  line  A  a 
cuts  the  two  furfaces  in  the  fame  angle,  and  there- 
fore if  the  ray  Aa  be  fuppofed  to  go  both  ways,  the 
refradions  will  be  equal  and  contrary ;  that  is,  they 
make  equal  angles  with  A^,  and  lie  contrary  ways, 
and  therefore  are  parallel. 

Cor.  I .  Hence  in  double  convex  and  double  concave 
lenfes^  the  point  D  lies  within  the  lens ;  in  a  piano  con- 
vex or  piano  concave^  it  is  at  the  convex  or  concave 
furface  •,  hut  in  a  menifcus^  it  lies  out  of  the  lens^ 
nearer  to  the  greatefi  curvity.  And  in  a  fphere^  it  is 
at  the  center. 

Cor.  2.  'The  courfe  of  a  ray^  paffing  thro"  D,  very 
near  the  axis^  may  be  taken  for  a  ftrait  line^  without 
fenfible  error.  Cor. 
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Cor.  3.  fhe  point  D  is  fo  placed^  that  CG  :  cF  ::  Fig. 

DG  :  DF.  6^. 

For  CA  or  CG  :  r^?  or  rF  :  :  CD  :  ^D  :  :  CG  -—  70. 

CD  (DG)  :  CF  —  CD  :  CDF). 

Cor.  4.  As  the  fum  of  the  radii  (or  the  difference 
in  a  menifcus)  :  to  the  leffer  radius  :  i  fo  the  thick- 
nefs  of  the  lens  :  to  the  diftance  of  D  from  the  vertex 
of  greater  curvature. 

For  fince  CG  :  f F  : :  DG  :  DF,  by  compofition 
(or  divifion)  CG  +  rF  :  cF  :  :  DG  +  DF  (FG)  : 
DF. 

Cor.  5.  If  Aa  he  any  ray  faffing  thro"  D  ;  then 
the  tangents  to  the  lens  at  A  and  a^  will  he  parallel. 

For  the  angles  CA^  and  caK  being  equal,  their 
complements  DAG  and  D^F  are  equal  j  and  there- 
fore the  tangent  at  A  is  parallel  to  the  tangent  at 
a.     And  hence 

Cor.'  6.  For  every  point  A  of  the  lens^  there  is 
fome  ray  or  other  Aa,  whofe  incident  and  refra^ed 
rays  will  be  parallel -^  and  that  is  the  ray  paffing 
thro'  D. 

For  the  tangents  at  A  and  a  being  parallel^  it 
is"  the  fame  thing  as  if  the  ray  was  tranfmitted  thro' 
a  medium  contained  between  two  parallel  furfaces,^ 
in  which  cafe  (by  Cor.  2.  Prop.  III.)  the  incident 
and  emergent  rays  will  be  parallel. 

Scholium. 
The  point  D  is  by  optic  writers  called  tht  Center 
of  the  lens. 

PROP.     XVIIL      Prok 

Having  the  lens  aY,  and  the  radiant  point  R  71. 
given  \  to  find  the  focus  F,  after  the  refraction  of  "]%. 
hoth  the  furfaces. 

Let  m,  «,  be  the  fines  of  incidence  and  refrac- 
.-•{tion,  and  make  mY.^v  —  nX^c  \  m  X  Ri^  :  t 

I  the 


114  DIOPTRICS. 

Fig.  the  radius  'vc  :  vf^  and  /  is  the  focus  after  the  firft 

71.  refradion   at  av.     Again  vf  —  vY  zn  V/-,  then 

72.  make  ^s  mXCf  —  n  XYf :  nXVf :  i  radius  CV  : 
VF,  and  F  is  the  focus  after  the  fecond  refradion 
at  AV.  And  thus  you  may  proceed  to  find  the 
focus  after  refradion  by  a  third,  or  fourth  furface, 
&c. 

For  fince  m  X  Rv  -^  n  xRc  :  m  X  Rv  :  :  vc  : 
n)f^  by  divifionj  mXRv.  nXRc  \  :  vf  :  vf --  vc 
or  cf.  And  therefore  (by  Prop.  XI.)  /  is  the  fo- 
cus of  the  rays  refradled  at  av.  Alfo  fmce  m  X 
Cf—nxYfinX  V/  :  :  CV  :  VF  ^  therefore, 
tiXYfimxC/iiYF:  CV  +  VF  or  CF.  And 

V/-:  C/:  :  Z^  :  H  :  :  ;;/  X  VF  :  »  X  CF.    .And 

-^       -^         n        m 
therefore  (Cor.  2.  Prop.  XI.)  rays  converging  to 
/  and  refraded  by  AV,  will  converge  to  the  fo- 
cus F.     This  method  of  demonftration  is  general, 
and  is  applicable  to  any  cafe. 

Cor.  Jf  the  incident  rays  are  parallel-^  make  as 
m  —  n  :  m  :  :  vc  :  vf,  and  f  is  the  focus  after  re- 
fra^ion  at  the  firft  furface.  And  find  F  as.  before^ 
for  the  focus  after  the  fecond  refraction. 

For  in  this  cafe  Ri;  and  Rf  are  equal. 


PROP. 


6!/ziccA 


Y\N.paji4. 
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1^5 


PROP.     XIX.  ^'^' 

Let  parallel  rays  S^,  Ri;,  he  refra5led  hy  the  lens  7^* 
Av  \  fuppofe  the  fines  cf  incidence  and  ref ration  as  T^' 
m  to  n\  and  put  the  radius  of  the  fegment  towards 
the  ohje&  cv  zz  r,  the  radius  of  the  fegment  from  the 
ohjeSt  CV  zz  R,  the  thicknefs  of  the  lines  vY  zz  /, 
the  principal  focal  diftance  VF    ~  /.     And  p  zz 

5  ({  = \  therefore  mp  zz  nq^,  then 


m —  n  m 


RnXqr  —  t 

/  = ^         -r==i ;  wherein  if  av.  or 

wxR  +  r — tXm — n 

AV  be  convex  the  contrary  way^  then  rorR  is  ne*  ^ 

gative. 

For  (Prop.  XVIII.  Cor,)  m  —  n  :  m  :  :  vc  (r)  : 
vf  zz zn  qr  •,  and  Yf:=.qr  —  /.   Again  m  X 

Qf—nxYf:nX  Y/^^JjCV  :  VF  ;  that  is,  m  X 
R  -i-qr  —  /  —  n  X  qr  —  t  :  n  X  qr  —  t  ;:R  :  f 


Rn 

Xqr 

—  / 

"~  mR  -f  mqr  - 

■^mt- 

-^nqr  + 
t 

nt 

R;^X 

qr  — 

mR  '{'  m  —  n  . 

.qr-- 

'  rn  — 'U  , 

t 

RnXqr- 

-t 

:^== ^R. 

mR  -{-  mr  —  tx  m  —  n  q  x  r  -i-  R  — - 1 

And  a  like  calculation  may  be  made  for  the  con- 
cave, fig.  72. 

Cor.  I.  If  t  zz  o,  or  inconftderahle^  then  f  zz 
J- ,  and  is  the  fame  on  either  fide  of  the  lens. 

mXR-\-r      r/XR-hr      ^-fr 
I  2  Cor. 
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Fig.      Cor.  7..  If  t  zn  Oy  and  av  he  a  plane  furface^  then 

72«  m  —  n 

For  then  r  n:  infinity,  and  /  zz  tJl  z=  />R  rr 


n 


R.    And 


Cor.  3.  If  t  zzoy  and  AV  a  plane  fur f ace ^  f  n 


n 
r. 


w  —  n 

Cor.  4.7/  ^  =  0'  ^j;/iR  =r,  thenfzi  -^^^ 

Cor.  5.  5^/^^  principal  focal  diftance  made  by  one 

^    „.        .      mr 
refra^ton,  ts • 

For  by  the  demonftration  vf  iz 

Cor.  6,  If  a  luminous  body  be  placed  in  the  princi- 
pal focus  of  a  lens^  it  will  caft  a  light  to  a  great  dif 

tance* 

For  the  rays  emerging  nearly  parallel,  will  not 
unite  till  at  a  great  diftance. 

Scholium. 

In  glafs,  mzz  3,  and  n  —  2  nearly,  whence 
p  zz2^  and  J  =^  3.  Therefore  from  this  Prop  and 
its  corollaries,  may  be  deduced  the  following  rules 
•peculiar  to  glafs  lenfes. 

1.  In  a  double  convex  glafs  of  equal  radii,  the 
principal  focus  is  diftant,  the  radius  of  the  fphere; 
or  the  focal  diftance  is  equal  to  the  radius 

2.  In  a  fphere,  the  principal  focus  is  diftant  half 
the  radius -5  of  an  hemifphcre  4  the  radius,  whea 

the 
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the  convex  fide  is  expofed  to  the  rays  ;  and  twice  Fig. 
the  radius,  when  the  plane  fide  is  expofed.  71, 

3.  In  a  piano  convex,  the  diftance  of  the  prin-  72. 
cipal  focus  is  equal  to  the  diameter,  when  the  plane 
fide  is  expofed  to  the  rays  j  but  to  the  diameter  — 

~  the  thicknefs,  when  the  convex  fide  is  expofed. 

4.  In  a  double  convex  glafs  of  different  ^heres, 

the  diflance  of  the  principal  focus  is . 

5.  In  double  concaves  of  equal  radii,  the  priil- 
cipal  focus  is  diflant  the  radius  of  the  fjphere,  and 
is  virtual. 

6.  In  a  piano  concave,  the  principal  focus  is  dif^ 
tant  twice  the  radius,  and  is  virtual. 

8.  In  a  double  concave  glafs  of  different  fpheres, 

the  diflance  of  the  principal  focus  is  — , 

R  +  r 
and  is  virtual. 

9.  In  a  menifcus,  the  diftance  of  the  principal 

focus  is -.,  the  concave  fide  being  expofed  to 

r  —  R 

the  rays. 
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Fig. 

PROP.     XX. 

71.  If  rays  ijfuing  from  the  radiant  point  R,  he  refrac- 

72.  ted  by  the  lens  Av  -,  let  my  n  -=1  fines  of  incidence  and 
r^fra5fion^ 

d  zn  Riy,  the  difiance  of  the  radiant  point. 
'  r  "iz  cv^  the  radius  of  the  nearer  fur  face, 

R  zz  CV  the  radius  of  the  further  fur  face, 

t  zz  Yv  the  ihichiefs  of  the  lens, 
"  /  zr  YF  the  focal  difiance. 

p  ZZ ,  q  zz ,  pm  zz  qn;  then 

„  fa,-^n  m  —  n 

r  __  mpdr'K  —  ndRt  +  »j>rR/ 


dX.  r  4-  R  -—  mprK  —  dtXm-^n  -^  nrt 

wherein^  if  the  rays  converge^  or  if  av^  AY,  be  con- 
cave  the  contrary  way^  then  d,  r,  or  R  is  negative. 

Or  at  Jhcrty  f  zz  - — —ZZ /jR,  where  D  zz 

D  —  /  -}-  jR 

qdr 

d  —  pr 

For  (by  Prop.  XVIII.)  my.Rv  —  nX'RcmY. 

Ri;  \  \vc  '.  vf  \  that  is,  md  —  nX  d  -{-  r  :  md:  ir , 

vf  zz ^ n  D  fuppofe,  and  D  —  /  zz 

md  —  nd  —  nr 


V/.     Again  mXR  +  ~D  —  t  —  nXD'--t:nX 

D  —  /  :  :  R  :  /,  or  mK  +     m-^n  XD  '-^m  —  n 
,  t  :  nD  —  nt  :  :R  :f  therefore  /  zz: 
nBR  —  nRt 


mK  +  m  —  n  .  D  —  m^-^n  ,t 


m 


md  —  nd '-^  nr       ,  »  d--pr 

d r  ^ 

m  —  n 

therefore/ z:  .^?^_ 
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^-;,R^  Fig. 

^— /"^ __  _  71. 

mR  +  m  —  nX -^  —  m  —n  X  t  72. 

nqdrR  —  ndRt  -{-  nprRt 

mdR  —  mp'R  +  m  —  n,  qdr  —  m  —  nXdt  — pri 

__   mp^rR  —  n^^i  +  n/trRt 

^^R  —  mprK  -{■  m  Y,  dr  —  m  —  n  y.  dt  +  m  —-  n  y.  frt 

mpdrR  -^  nJRt  +  nprRt ^  ^ 

md  X  r  ^R  —  mprR  —  dt  X  m  - —  n  -{-  nrt 
becaufe  m-^-n  ,  q  zz  m,  ^ndm  —  n  .  p  -=.  n.     Or 
at  fliort/  z=  _J2j=1L--  ?R,  where  D  1=  -i-^. 

And  a.  like  computation  may  be  made  for  the  con- 
cave, fig.  72. 

Cor.  i»  If  t  he  nothing  or  inconfiderahle^  then  f  zz 

P^^^  and  is  the  fame  on  both  fides 

dxr+R—prR  / 

the  lens,  whilft  the  diftance  d  continues  the  fame. 

Cor.  2.  If  the  lens  he  of  glafs ;  then  f  zz 
6drR  —  2^R/  +  ArRt         .  ^^  ^^^^  /  -.  q^ 

3^  X  r  +  R  —  6rR  —  i/  +  2r/ 
2drR 

^  ""  ^xT+R— 2rR 

Cor.  3.  In  a  piano  convene,  if  t  zz.  o,  and  AV  a 

ndr 

plane  furface  \  then  f  zz — -_—. 

m^-^  n  .  d  —  nr 

For  r  vanifhing,  /  =    J  ^  zz  — ^    = 

^R — prR       ± ^ 

P 
ndr       ndr 


'^^  ^n.d—nr 


-J  —  nr        m 

I  4  Cor. 
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Fig.     Cor.  4.  If  t  zz  o,  and  the  lens  has  equal  convexi- 

*7 1»  ndv 

^/  ties'y  then  f  zz  .    ■ .      And  in  glafs^ 

'  m  —  ny.  2d  -^nr 

r  dr 


d  —  r 

Cor.  5.  When  /  zr  o,  in  a  double  concave^  f  zz 
pdrR 

'     And  when  the  radii  are 


-^dXr  +  R—prR 

egual,  /  =  —  -7-^ ,  for  glafs. 
d  -{-  r 

Cor.  6.  In  a  piano  concave,  exfofed  with  the  con- 

cave/tde  to  the  rays,  f  zi  ZZl—. 
-^  ^        d+pR 

Cor.  J,  In  a  menifcus^  the  convex  Jide  turned  to 

the  rays,  f  =  "^^^^  . 

d  X  r  —  R  +  prR 

Cor.  8.  The  focal  diftance  made  hy  a  fingle  refrac- 

tionis  ""^^ 

m  —^n  ,  d  —  nr 
From  the  demonftration. 

Cor.  9.  If  the  radiant  point  and  the  focus  he  equi^ 
diftant  from  a  lens  \  they  will  each  of  them  be  difiant 
twice  the  principal  focal  diftance. 

For  put  d-f-  —     ^^^^ ,  then  d  x 

dXr  +  R'—prR 

r  +  R  —  prR  zz  prR,  or  d  X  r  +  R  =  2prR, 

whence  d  zz   ^^        zz  twice  the  principal  focal  dif- 
r  +  R 

tance,  by  Cor.  i.  Prop.  XIX. 

Cor.  10.  If  the  radiant  point  be  nearer  the  lens, 
than   the  principal  focus ':^  the  rays  after  refratHon 

will 
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will  diverge  •,  //  //  is  in  the  principal  focus^  they  will  Fig, 
emerge  parallel  j  and  if  it  is  further  off^  they  will  7 1 . 
converge.  72. 

Scholium. 

Hence  if  all  the  quantities  m^  »,  J,  r,  R,  /, 
except  one  be  given,  that  one  may  be  found,  by 
the  redudion  of  the  equation  in  Cor.  i. 

PROP.      XXI. 

If  P,  />,  he  the  principal  foci  of  a  fphere  or  lens  J^. 
Av ;  R  the  radiant  point  -,  F  the  focus  by  refraMon  ;   74. 
D  the  center  of  the  fphere  or  lens ;  then  RP,  RD, 
RF,  are  continual  proportionals^  where  P  and  F  muji 
lie  the  fame  way  from  R. 

Let  the  focal  diftance  DP  or  Dp  zi  F,  the  reft 
as  in  the  laft  Prop.     Then  (Cor.  x.  Prop.  XIX.) 

/?rR  

Yp  or  DP  =  f-rr^  ^  F,  zndprR  z:  F  X  r  +  R. 

And  (Cor.  i.  Prop.  XX.)  VF  or  DF  r= 

dprR  _  ^F  X  r  +  R 


d  xr  -^-R—prR        Jxr+R  — FXr  +  R 

=  ^  :z:5£^^P,  and  RP  X  DF  =  RD  X 
d—F  RP 

DP,  whence  RP  :  RD  :  :  DP  :  DF  -,  and  com- 

pounding,  RP  :  RD  :  :  RP  +  DP  (RD)  :  RD  + 

DF  f  RF).     And  a  like  computation  may  be  made 
for  the  concave,  fig.  74. 

Cor.  I.  RP  :  RD  :   :  DP  :  DFi   or  DF  1= 
RD  X  DP 
RD  — dp' 

From  the  demonftration. 

Cor.  2,  RP  :  PD  :  :  DP  :  pF  y  or  RP  X  ^'F  =: 
PD\ 

For 
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Fi<r.      For  (Cor.   i.)  RP  :  RD  :  :  DP  r  DF ;  and  by 
73.  divUion  RP  :  RD  —  RP  (PD)  :  :  PD  :  DF  — DP 

74-  iP^)- 

Cor,  3.  pY  is  always  reciprocally  ^j  RP  j  and  they 
lie  contrary  ways  from  p  and  P. 

Cor.  4.  'K.and  F  are  conjugate  foci  to  one^another ; 
and  when  they  are  on  the  fame  fide  of  the  lens^  the  in- 
cident  and  refra^ed  rays  diverge  both  from  R  and  -F, 
cr  elfe  both  converge  to  R  and  F.  And  the  contrary 
when  on  different  fides. 

PROP.     XXII. 

^g.       If  Kv  be  a  lens  or  fphere^  F  the  focus  of  the  re- 
n^,  framed  rays  which  flow  from  the  radiant  point  R,  p 

the  principal  focus.     Then  RF  :  RD  :  :  DF  :  D/, 

the  principal  fecal  dijiance. 

For  (Prop.  XXI.)  RF  :  RD  :  :  RD  :  RP,  and 
by  divifion,  RF  :  RF  — RD  (DF) : :  RD  :  RD 
—  RP(PDor^D). 

Cor.  I,  In  a  convex^  the  principal  focal  dijiance 

^       RD+DF 

DF^ 

Cor.  2.  RF  :  DF  :  :DF:pF,  cr^F  z:-^  = 

H^xDF. 
RF 

For  fince  RF  :  RD  :  :  DF  :  Vp,  by  divifion 
RF  :  RF  —  RD  (DF)  :  :  DF  :  DF—  Dj)  (pF.) 

Cor.  3.  Hence^  the  focus  F  may  be  found  geometri- 
cally thus.     Let  P  be  the  principal  focus  -,  with  the 
center  D  and  radius  DP,  defcribe  the  arch  PG,  cut- 
ting 
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ting  any-  incident  ray  R  A,  in  G.  Join  DG,  and  draw  Fig* 
A¥  parallel  to  it^  cutting  the  axis  RD  in  F,  then  F  73. 
#V  />^^  focus.  74. 

For  RF :  RD  :  :  DF  :  DP  ;  that  is,  RF  :  RA  :  : 
DF:  AG,  therefore  the  triangles  RGD,  RAF  are 
fjmilar,  and  AF  parallel  to  GD.  And  all  rays 
proceeding  from  G  (or  g)  will  emerge  parallel  to 
GD. 

Scholium. 

In  the  firft  Corol.  we  have  a  good  pradical 
rule  for  finding  the  principal  focus  of  a  lens,  ha- 
ving firil  found  any  other  focus  by  trial.  And  in 
Cor.  1.  'we  have  another  rule  tending  to  the  fame 
purpofe^  which  finds  the  excefs  of  any  other  focal 
diftance  found  by  trial,  above  the  principal  focal 
diilance.     Both  thefe  are  very  eafy  in  pradlice. 

PROP.      XXIII. 

^he  diftance  of  the  radiating  point  and  its  focus ^  73' 
made  hy  a  convex  lens,  that  is,  RF  is  the  leaft  pof- 
fihle,  when  they  are  equidift ant  from  the  lens. 

For  (by  Cor.  2.  Prop.  XXI).  RP  :  PD  : :  PD  : 
pY.  Now  if  RP  zz^F,  then  the  fum  of  the  ex- 
tremes RP,  pY  is  equal  to  the  fum  of  the  means 
2 PD,  which  is  conftant.  But  in  any  other  cafe 
fPropor.  Prop  IX.)  the  fum  of  the  extremes  RP, 
^F  is  greater  than  the  fum  of  the  means,  that  is, 
greater  than  the  fum  of  the  extremes  when  they 
are  equal.  And  therefore  RP  4-^/  is  the  leaft 
when  RP  :=:^F,  and  adding  P/?,  the  whole  dif- 
tance RF  is  the  leaft  when  RP  —  j^F,  and  confe- 
quently  when  RD  zz  DF. 

Cor.  T!he  radiating  point  and  its  focus  is  at  the 
leaft  diftance,  from  each  other,  when  each  of  them  is 
dift  ant  from  the  lens,  twice  the  principal  focal  diftance. 

For 
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Fie.      For  then  RD  -  RP  -f  PD  =  2PD,  and  DF  =: 

73.  Di>  H-^'F  =  2D^  =:  2DP. 

PROP.     XXIV. 

75*      ^n  oblique  pencil  of  rays  SAGC,  has  its  focus  G 
a  little  nearer  the  lens^  than  a  dire^  pencil  RAFC. 

For  if  DS  zz  DR,  then  the  angle  CSA  will  be 
fomething  lefs  than  the  angle  CRA ;  and  upon 
that  account  the  rays  SA,  ^Q^  will  be  fooner 
brought  to  interfed  at  G,  than  the  rays  RA,  RC, 
do  at  F.  But  further,  the  rays  RA,  RG,  falling 
very  nearly  perpendicular  to  the  fides  of  the  lens 
AC,  HN,  are  lefs  bent,  than  the  rays  SA,  SC, 
which  fall  obliquely  on  both  fides  the  lens.  For 
the  more  oblique  they  are,  the  more  they  are  bent, 
and  turned  out  of  their  diredt  way.  And  confe- 
quently  the  oblique  rays  SA,  SC  will  fooner  in- 
terfed:  in  G,  than  thofe  at  F.  But  fince  the  angle 
RDS  is  generally  very  fmall,  the  difference  be- 
tween DF  and  DG  will  likewife  be  very  fmall. 

Cor.  I.  ^  he  focus  of  an  oblique  pencil^  by  a  Jingle 
refraP.ion  is  nearly  at  the  fame  diftance  as  of  a  dire5i 
pencil. 

For  in  both  cafes  the  extreme  rays  will  interfed 
the  ray  which  paifes  thro'  the  center  of  the  furface 
AC,  at  the  fame  diflance. 

Cor.  2.  ^^his  Prop,  holds  good  in  a  concave  lensy 
and  alfo  in  a  menifcus^  as  well  as  in  a  convene  one. 

For  in  all  cafes  the  more  oblique  the  rays  are 
the  more  they  are  bent,  and  the  fooner  they  will  in- 
terfed  a  direcl  ray  pafTing  thro'  D  ihe  center  of  the 
lens,  by  Cor.  2.  Prop.  XVII.  But  I  endeavour  to 
avoid  drawing  a  multiplicity  of  figures. 

PROP. 
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Fig. 
PROP.      XXV.  75- 

A  convex  lens  colle5ls  the  rays  nearer  together^  atid 
a  concave  one  difperfes  them. 

For  rays  that  are  refracted  at  a  convex  lens,  are 
bent  at  the  points  of  refradion  fo,  that  they  incline 
more  towards  one  another  than  before  :  but  in  con- 
caves the  rays  after  refradion,  being  bent  the  con-, 
trary  way,  are  made  to  feparate  more  from  one  an- 
other. And  this  will  be  fo  whether  there  be  one 
refrading  furface,  or  two  fiich ;  or  if  there  be  more. 
For  every  fucceeding  refradion,  adds  to  the  effed, 
by  making  the  rays  either  converge  or  diverge  fo 
much  the  fafter. 

Cor.  I .  Converging  rays  are  made  more  converging 
by  a  convex  lens ;  and  diverging  rays  are  made  more 
diverging  by  a  concave. 

Cor.  2.  A  menifcus  has  the  properties  of  a  convex 
glafi^  when  the  inner  radius  is  the  greater.  And  of 
a  concave^  when  the  inner  radius  is  the  leffer.  Ex- 
cept when  the  two  furfaces  are  concentric  -,  and  then 
it  belongs  to  neither-^  for  the  rays  will  emerge  parallel. 

Cor.  3.  A  lens  or  fpe^tacle  glafs  proper  for  an  old 
perfon^  muft  be  fuch  as  to  make  the  image  of  an  object 
appear  at  that  point  where  he  can  fee  that  object  dif 
tin^ly  with  his  naked  eye  ;  and  the  fame  is  true  of  a 
concave^  in  refpe^  of  a  fhort-fighted  perfon. 

ScH  o  L  I  u  k. 

From  what  has  been  before  laid  down,  the  pro- 
perties of  all  forts  of  fmgle  ienfes  may  be  deduced 
for  pradice  as  follows > 

Let  R,  F,  be  conjugate  foci  j  P,  p  the  jprinci-  ^^ 
pal  foci  ♦,  then, 
^  I.  Pa- 
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Fig.      I.  Parallel  rays  falling  on  one  fide  of  a  convex 
'j(^,  lens  A  5  will  be  refraded  to  F  or  p  on  the  other 
fide. 

2.  Parallel  rays  falling  on  one  fide  of  a  concave 
lens  A  \  will  by  refradion,  diverge  from  P  or^  on 
the  fame  fide. 

3.  In  a  convex  lens  A,  rays  diverging  from  P 
or  p  \  will  emerge  parallel  on  the  other  fide. 

4.  In  a  concave  lens  A,  rays  converging  to  P  or 
p  ;  will  emerge  parallel,  going  out  of  the  lens  on 
the  fame  fide. 

76.  5.  In  convex  lenfes,  rays  diverging  from  R  be- 
yond P  \  will  converge  to  F  beyond  p.  And  the 
contrary. 

77.  6.  In  convex  lenfes,  rays  diverging  from  R  which 
is  nearer  than  P  \  will  diverge  from  F,  on  the  fame 
fide  with  R. 

7^»  7.  In  convex  lenfes,  rays  converging  to  F,  will 
by  refradion  converge  to  R,  nearer  than  P  or/. 

"j^.  8.  In  concave  lenfes,  rays  converging  to  R,  be- 
yond P ;  will  diverge  from  F,  beyond  ^,  and  the 
contrary. 

80.  9.    In  concave  lenfes,    rays  converging  to  F, 

81.  nearer  than  p\  will  by  refra<Stion  converge  to  R, 
beyond  F. 

82.  io.  In  concave  lenfes,  rays  diverging  from  R, 
beyond  p ;  v/ill  after  refradtion  diverge  from  F 
nearer  than  p. 

^3'  II.  In  concave  lenfes,  rays  diverging  from  R, 
nearer  than  ^,  will  diverge  from  F,  nearer  ftill 
than  p. 

Note,  I  reckon  a  menlfcus,  convex  or  concave, 
according  as  the  center  of  its  inner  furface  is  fur- 
ther off,  or  nearer  than  the  center  of  the  out- 
ward furface. 


And 


B.m.  DIOPTRICS.  129 

And  in  all  thefe  cafes,  the  conjugate  foci  F/,  Fig. 
are  fo  fituated,  that  it  will  always  be,  ^6. 

RA  :  PA  or  ;>A  :  :  RF  :  AF  : :  AF :  pF  to 

or  RP  :  AP  :  :  KA  :  AF  :  :  A/>  :  pY,  83, 

or  RP  :  RA  :  :  RA  ^  '^"^ -r,  PA  :  AF. 

Any  of  thefe  rules  will  ferve  to  find  the  conjugate 
focus.  All  this  appears  from  what  has  been  before 
demonftrated ;  particularly  from  Con  4  and  5, 
Prop.  XX,  where  the  rules  for  diverging  rays  for 

convex  glafies    is    -^    :=.   focal   diftance ;     and 
a — r    ■ 

for  concaves,    —  —I—    zz   focal  diilance.    And 

it  is  the  fame  thing  whether  the  rays  diverge  for 
convexes,  or  converge  for  concaves  ♦,  all  the  quan- 
tities are  the  fame  in  both,  and  have  the  fame  fitu- 
ation.  Therefore  if  a  convex  and  a  concave  have 
the  fame  principal  focal  diftance ;  and  if  a  ray 
diverge  from  any  focus  in  the  convex,  and  ano- 
ther ray  converge  to  the  fame  focus,  thro'  the  con- 
cave (put  in  its  place) ;  then  will  both  have  the 
fam.e  conjugate  foci.  And  in  their  motions,  they 
will  defcribe  feparate  parts  of  the  fame  lines. 

The  properties  of  lenfes,  or  refradting  furfaces,_ 
demonftrated  in  the  foregoing  propofitions,  hold 
good  in  regard  to  the  foci,  if  the  mediums  be. 
changed;  provided  you  make  the  rays  of  light  go 
contrary  ways  thro'  the  foci,  to  what  they  do  in 
thefe  propofitions.  That  is,  if  you  fuppofe  the 
rays  going  out  of  a  denfe  medium  into  a  rare  one, 
or  to  be  refraded  out  of  a  denfe  medium  thro' 
lenfes  of  air,  or  fome  rare  medium  5  you  muft  fup- 
pofe the  rays  to  converge  inftead  of  diverging, 
and  to  diverge  inftead  of  converging ;  and  then 
the  focus  will  be  found  by  the  foregoing  Rules. 


PRO  P. 
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Fig. 

PROP.     XXVI.     Prob. 

To  find  the  principal  focus  of  any  lens. 

1  IFay, 
Hold  a  convex  lens  perp.  againfl  the  rays  of  the 

fun,  hold  a  white  paper  behind  it,  to  receive  the  re- 
fradted  light,  which  will  make  a  round  white  fpot 
upon  the  paper.  Move  the  paper  back  and  for- 
ward till  this  fpot,  which  is  the  fun's  image,  be 
the  lead  poffible ;  there  fix  it.  Then  the  diflance 
of  the  paper  from  the  lens,  is  the  focal  diflance  re- 
quired, or  the  burning  point. 

2  Way, 

Cover  one  fide  of  a  convex  lens  with  paper, 
having  feveral  holes  made  in  it  with  a  pin;  and 
placing  the  glafs  diredly  againfl  the  fun  beams ; 
the  light  pafllng  thro'  the  holes  will  make  fo  many 
white  fpots  upon  a  paper  held  behind  it.  Move 
the  paper  back  and  forward  till  all  thefe  Ipots  co- 
incide in  one  ;  there  is  the  focus.  And  the  diflance 
of  the  paper  from  the  glafs  being  meafured,  gives 
the  focal  diflance, 

3  PTay, 

Place  a  convex  lens  fo,  between  any  objed  (as  a 
windov;"  in  the  day,  or  a  candle  in  the  night)  and 
a  white  wall  or  paper,  that  the  image  of  the  objed 
may  be  painted  diflinftly  thereon,  which  may  be 
found  by  moving  the  lens  back  and  forward.  Then 
meafure  the  diftance  of  the  lens  from  the  objed, 
and  alfo  from  the  image.  Multiply  them  toge- 
ther, and  divide  their  product  by  their  fum,  the 
quotient  will  give  the  focal  diflance,  by  Cor.  i. 
Prop.  XXII.  Or  (Cor.  2. J  divide  the  fquare  of 
the  diflance  of  the  obfcrved  focus,  by  the  diflance 

of 
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of  the  objed  from  this  focus,  gives  the  excefs  above  Fig. 
the  principal  focal  diftance.     If  the  lens  be  in  the 
midway  between  the  objed  and  image  -,  then  half 
the  diftance  of  the  lens  from  either  of  them,  is  the 
focal  diftance. 

4  Way. 

Cover  one  fide  of  a  concave  lens  with  paper, 
having  two  holes  made  with  a  pin,  diametrically 
oppofite  to  one  another.  The  lens  being  exppfed 
to  the  fun  beams,  and  a  paper  held  behind  it  \  the 
light  pafling  thro*  the  lens  will  make  two  white 
fpots  upon  the  paper.  Move  the  paper  back  and 
forward,  till  the  diftance  of  the  two  fpots  on  the 
paper,  be  twice  the  diftance  of  the  two  holes  in 
the  cover ;  then  the  diftance  of  the  white  paper 
from  the  lens  is  the  focal  diftance. 

PROP.      XXVII.     Proh. 
^0  find  the  'vertex  or  center  of  e  lens. 

1  PTay, 

Hold  the  lens  at  a  proper  diftance  from  the  eye, 
and  obferve  the  two  refleded  images  of  a  candle, 
made  from  the  tvsro  furfaces.  Dvlove  the  lens  till 
the  two  images  coincide,  and  that  point  is  the  ver- 
tex. And  if  this  be  in  the  middle  of  its  furface, 
the  lens  is  truly  centered,  otherwife  not. 

2  Way, 

Draw  two  black  lines  AB,  KL,  crofs  one  ano-  84* 
ther  upon  a  white  wall,  or  rather  on  paper.  Take 
the  lens  CDEF,  and  holding  it  diredly  be- 
tween your  eye  and  the  two  lines,  and  parallel  to 
the  wall.  Move  it  to  the  right  and  left,  and  you'll 
fee  the  part  gh  of  the  line  AB,  which  appears  thro' 
the  glafs,  to  move  back  and  forward.  Hold  the 
K  glafs 
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Fig.  glafs  at  laft,  fo  that  gb  may  coincide  with  AB ; 

?4.  then  does  AB  pafs  thro'  the  vertex  or  center  of 
the  glafs.  Repeat  the  fame  thing  with  the  line  KL 
and  the  part  no  y  moving  the  glafs  up  and  down, 
till  they  coincide.  Mark  the  point  Z  on  the  glafs, 
where  AB,  KL  interfed,  whilfl  gb^  no^  coincide 
with  them,  and  that  interfedion  Z  is  the  vertex. 

Note,  it  may  be  as  well  to  fix  the  glafs,  and 
move  your  eye,  till  A^^B,  and  K;/^L,  be  two  con-^- 
tinued  right  lines,  whofe  interfedion  gives  the  vertex. 

PROP.     XXVIIL 

JVherever  tbe  rays^  wbicb  come  from  all  tbe  points 
.of  an  ohje5l^  meet  again  in  fo  many  other  points^  to 
wbicb  tbey  converge  hy  refraction ;  tbere  they  will 
make  tbe  pi^ure  of  the  object  upon  any  white  body  on 
which  they  falL 

15.  Let  PR  be  any  objed,  AB  a  lens.  The  rays 
that  diverge  from  any  point  Q^  fall  upon  the  lens, 
and  are  refracted  to  their  focus  ^,  where  they  all 
meet,  and  make  the  image  of  Q^upon  a  paper  held 
there.  In  like  manner  the  rays  which  diverge  from 
P,  are  refradled  to  their  focus  />,  and  there  give 
the  image  of  P  •,  and  the  rays  diverging  from  R, 
are  refrafted  to  r,  and  make  the  image  of  R.  And 
thus,  from  all  the  intermediate  points  of  the  obje6t, 
the  rays  proceeding  to  the  lens,  are  refra6led  to  as 
many  correfpondent  points  in  the  focus  -,  and  will 
ail  together  make  there  the  image  p^r  of  the  ob- 
ject P^QR,  in  its  proper  Ihape  and  colours.  But 
then  the  pidure  is  inverted  or  turned  upfide  down, 
and  the  right  fide  to  the  left. 

Cor.  I.  Rays  flowing  from  all  the  points  of  an  ol- 
je^^  ^j  PR,  paint  the  image  thereof  pr^  in  tbe  real 
focus  q^  and  may  be  feen  tbere  upon  a  white  paper ; 
$r  without  the  paper  it  may  he  feen  there  hanging  in 

'  the 
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the  air^  by  an  eye  at  O,  placed  at  a  proper  diftance^  Fig. 
as  6  or  Z  inches^  ^c.  behind  the  focus,  85. 

Cor.  2.  An  objeSi  feen  by  refra5iion^  appears  in 
that  place^  from  whence  the  rays  after  their  laji  re\ 
fraction  diverge  to  the  fpeSfator^s  eye. 

Cor.  3.  Rays  flowing  from  any  point  of  an  objedi^ 
inuft  hefo  refra£ted^  as  all  to  meet  again  infome  other 
pointy  to  give  the  image  of  that  point. 

For  if  they  fhould  fall  upon  different  points,  it 
would  breed  nothing  but  confufion,  for  different 
points  cannot  reprefent  that  one  point  from  which 
the  rays  come.  All  the  rays  flowing  from  the  fe- 
veral  points,  mufl  go  to  as  many  correfpondent 
points,  to  make  the  compleat  image  of  the  body. 
And  this  will  appear  on  a  paper  held  there ;  or  if 
there  be  no  paper,  the  rays  will  diverge  from  that 
image,  as  from  the  body  at  firfl ;  and  therefore 
may  be  feen  by  an  eye  placed  behind  it,  for  the 
fame  reafon  that  a  body  is  vifible  by  the  rays  flow- 
ing from  it  at  firft. 

P  R  O  P.      XXIX. 

ne  image  of  a  right  line  immerfed  in  water ^  or 
any  fluids  is  concave  towards  the  eye  -,  and  is/ttuated 
in  a  plane  paffing  thro*  the  eye. 

Let  the  line  AB  in  the  fluid  be  parallel  to  the  86, 
furface  RS,  and  the  eye  at  E  diredly  over  it.  Then 
(by  Cor.  6.  Prop.  IXJ  the  focus  of  the  point  C 
is  at  G,  fo  that  DG  n  4  DC.  But  (by  the  fame> 
as  the  eye  moves  towards  R  or  S,  G  will  feem  ta 
rife ;  or  which  is  the  fame  thing,  as  G  moves  fur- 
ther off  to  F  or  H,  it  will  feem  to  rife  up,  till  it  - 
get  to  the  furface  RS;  therefore  RF  and  SH  con- 
tinually grow  lefs  and  lefs.  That  is,  the  focus  of 
A  and  B  are  nearer  the  furface,  than  G  or  the 
K  2  focus 
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Fig.  foGiaS  of  G  ♦,  and  confcquently  the  im^e  FGH  k 
86.  concave  towards  RS. 

If  AB  is  not  parallel  to  the  furface,  yet  as  one 
part  is  railed  as  much  as  the  other  is  deprefTed,  the 
image  will  ftill  be  concave,  and  that  if  the  eye  be 
moved  out  of  the  perpendictilar  ED.  And  a 
plain  that -at  firft  pafTed  thro'  EFABHG,  will  alfo 
pafs  tliro'  EFGM,  when  the  eye  is  moved  late- 
rally. 

Cor.  I.  If  the  eyt  at  E  wa^  in  a  denfe  medium^ 
tmd  the  line  AB  in  a  rare  me,  The  poiffts  A  and  B, 
at  a  diftance  from  C,  would  feem  to  defcend\  and 
the  image  of  AB  would  he  convex  towards  the  fur\ 
face  RS.  \  ' 

For  here  G  would  be  the  objefl  andC  fhe  image, 
and  if  FGH  be  reduced  to  a  ftrait  fine,  ACB  will 
be  reduced  to  a  curve  convex  towards  G.  Hence 
therefore 


Cor.  2.  A  right  line  feen  thro^  any  medium  ter^ 
minated  hy  parallel  plane s^  will  appear  a  right  Une, 

For  the  two  refradlions  corred  one  another,  hav- 
ing contrary  effeds. 

Cor.  3.  A  plane  furface  immerged  deep  in  water ^ 
§r  any  fiuidy  will  appear  concave  to  the  eye. 

Cor.  4.  'Hhe  image  of  a  fhort  right  line  immerged 
in  watCTy  does  not  fenftbly  differ  from  aright  line, 

PROP.      XXX. 

ne  image  of  a  right  line  made  by  refraction  thro^ 
a  knSy  is  concave  towards  the  lens. 

I7.  Let  AB  be  a  lens,  PR  a  right  line  diredly  ex- 
pofed  to  the  lens.  Then^  (by  Prop.  XXIV.)  if 
P,  Q,  R,  were  equally  dillant  from  the  lens,  r 

and 
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and/>  would  be  nearer  the  lens  than  q,  and  there-  Fig. 
fore  rqp  is  a  curve  line.  But  PQR  being  a  right  87, 
line,  P  and  R  are  further  off  than  Q,  and  that  brings 
the  focus  />,  and  focus  r  nearer  the  lens  ftill ;  and 
confequently  rqp  is  more  curve  than  before,  and  is 
concave  towards  the  lens.  And  ("from  Cor.  2. 
Prop.  XXIV.)  the  fame  holds  good  in  a  concave^ 
and  menifcus. 

Cor.  I.  Tbe  image  of  a  right  line  made  hy  one  re- 
/ration  of  a  fpherical  furface^  is  alfo  a  little  conmve 
towards  that  fur  face. 

For  fuppoiing  rpq  made  only  by  the  firit  refrac- 
tion. Then  if  P,  Q,  R  be'  equidiftant  from  the 
\£,m\  fby  Cor.  k  Prop.  XXIV.)  ^,  ^,  r  would 
alfo  be  equidiftant.  But  fmce  P  and  R  are  fome- 
diing  further  than  Q^v  T  3nd/>  will  be  fomething 
nearer  than  q  \  or  rqp  will  be  a  curve  line. 

Cor.  2.  ^he  image  of  a  fhort  right  line^  made  hy 
ref ration  thro'  a  lens,  or  thro'  a  Jingle  furf  ace y  does 
Uot  fenfibly  differ  from  a  right  line. 

For  the  deviation  of  the  image  of  a  very  long 
line,  from  a  right  line,  is  but  very  little  curved, 
and  fcarce  perceptible. 

Cor.  3.  The  image  of  a  circle  ref raffed  thro'  a  lens^ 
to  which  it  is  concentric^  will  he  nearly  a  circle  alfo 
concentric  to  the  km.     Or  thro'  a  fingle  fur  face. 

For  being  concave  to  the  lens,  a  fmall  part  of  it 
does  not  fenfibly  differ  from  a  circle;  whether  it 
be  thro'  a  lens  or  thro'  a  jfiogle  furface. 

Cor.  4.   "The  image  of  a  plane  figure^  made  hy  re- 
fraUion  thro'  a  lensj    is  concave  towards  the  lens-, 
(ho'  in  a  fmall  figure  it  does  not  fenfibly  differ  from, 
plane,    A^d  the  fame  thro'  a  fingle  furf  ace 
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Fig. 

PROP.     XXXI. 

"fhe  ohje5i  and  its  mage  made  hy  a  Jens^  fuhtend 
tqual  angles  at  the  lens. 

gg^  Por  let  D  be  the  center  of  the  lens  AB,  PQR 
2^'  the  objed,  fqr  its  image.  Then  (Cor.  2.  Prop. 
XVII.)  Ppp  IS  nearly  a  ftraight  line,  and  likewifc 
RDr  is  alfo  a  flreight  line ;  confequently  the  angle 
PDR  fubtended  by  the  objedt,  is  equal  to  the  an- 
gle />Dr  fubtended  by  the  image,  the  angular  point 
being  at  the  center  of  the  lens  D. 

Cor.  I.  Hence  the  ohje5f  and  image  are  equals  when 
they  meet  together. 

64.  Cor.  2.  The  ohje5l  and  image  made  hy  afingle  re- 
fraUion^  fuhtend  equal  angles  at  the  center  of  the  re- 
framing  furface. 

For  the  unrefradled  rays  flowing  from  the  ex- 
tremes of  the  object,  pais  thro'  the  center  •,  and 
the  objed  and  image  are  contained  between  thefe. 

PROP.      XXXTL 

S8.       <];'}) e  length  of  an  ohje5f^  is  to  the  length  of  the 
89-  image ^  made  hy  .a  lens  \  as  the  diflance  of  the  ohjeol 

from  the  center  of  the  kns^  to  the  diflance  of  the  image 

from  it. 

For  (Prop.  XXXI.)  the  angles  PDR  and  fDr  be- 
ing equal,  the  triangles  PDR,  pDr  are  limilar  -,  Qq 
being  perp.  to  both  PR  and  pr.  Therefore  PR  : 
^r  :  :  FD  :  pD  :  :  DQj  Dq. 

Cor.  I .  The  magnitude  of  the  ohje5l  (as  to  its  a- 
rea)^  is  to  the  magnitude  of  the  image  ^  as  thefquare 

of 
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of  the  ohjeofs  dijiance^  is  to  the  fquare  of  the  imagers  Fig. 

diftance^  from  the  lens.  ^^, 

For  the  areas  are  as  the  fquares  of  the  diameters.  8^. 

Cor.  2,  If  T  be  the  principal  focus  of  the  lens ; 
then  the  diameter  of  the  ohje5l^  is  to  the  diameter  of 
the  image  \  as  QT  :  is  to  TD: 

For  PR  :  /)r  :  :  DQ^:  D^  :  :  (Cor.  i.  Prop. 
XXI.)  QT  :  TD. 

Cor.  3.  Hence  a  convex  magnifies  an  ohjeEf^  wh^ 
ti  is  nearer  than  twice  the  principal  focal  difiance : 
hut  if  further  off^  it  lejfens  it.  That  is,  in  the  firft 
cafe,  the  image  is  bigger^  and  in  thefecond,  the  obje5f 
is  bigger. 

Cor.  4.  In  all  cafes  a  concave  lens  diminifhes  an 
objeEi,  or  the  image  is  lefs  than  the  objeU. 

Cor.  5,  'The  length  of  the  obje5f,  and  the  length 
of  its  image  made  by  a  Jingle  refraction  ;  are  as  their 
diftances  from  the  center  of  the  refracting  furface. 

For  (Cor.  2.  Prop.  XXXI.)  they  make  equal 
angles  at  that  center. 

Cor.   6.    A  plain  glafs,  efpe daily  if  it  be  thick,  93. 
magnifies  a  body. 

For  CD,  EF  being  parallel,  AC  is  parallel  to 
EO,  and  BD  to  FO.  Therefore  AB,  thro'  the 
glafs  CF,  appears  of  the  magnitude  ab. 

Cor.  7.  If  the  objeCl  be  clofe  to  the  I  en:  H  %s  very 
tittle  magnified  thereby :  or  if  the  eye  be  clofe  to  the 
lens. 

For  every  part  of  it  appears  nearly,  in  the 
place  it  is  really  in. 

Cor.  8.  The  apparent  magnitude  of  a  body,  is  as 
the  angle  which  the  image  appears  under  to  the  eye  in 
£ny  place. 

K4  PJR.OP, 
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Figi 

PROP.    XXXllL 

SS,       If  T  he  the  principal  focus  of  a  lens  i  then  the 
^9'  diftance  df  the  objeU  Y^from  the  lens^  is  to  the  dif- 
tance  of  iWmage  pr\  as  QT  to  TD. 

For  (Cor.  2.  Prop  XXXII.)  QT  :  TD  :  :  dia- 
meter of  the  objed  :  diameter  of  the  rnlage  :  : 
(Prop.  XXXIL)  DQ  :  D^. 

Cor.  When  QT  zz  TD,  the  image  is  equal  to  the 
cbje5i, 

P  R  O  P.      XXXIV. 

S8.       If  the  objeB  and  its  image  he  hoth  on  the  fame 
Z^.  fide  of  the  lens  \  the  image  will  be  ere^l  \  if  they  he 
on  different  ftd^Sy  the  image  will  he  inverted. 

For  when  the  rays  keep  the  fame  pofition  till  they^ 
come  at  the  image,  then  the  image  will  have  the 
fame  pofition  as  the  object,  and  that  is  when  they 
are  both  on  one  fide  of  the  glafs.  But  when  the 
rays  crofs  one  another,  before  they  come  at  the 
focus,  or  where  the  image  is,  and  that  is  when 
they  pafs  thro'  the  glafs  ;  here  the  rays  from  the 
upper  part  of  the  obje6t  go  to  the  lower  part  of 
the  image,  and  the  right  to  the  left,  &:c.  that  is,  the 
image  will  then  be  inverted.  1  hus  P  and  p^  alfo 
"R  and  r,  lie  contrary  ways  by  the  convex  lens  j 
and  the  fame  way  by  the  concave  one. 

^6.  Cor.  I .  JVhen  the  ohjeSi  and  image  are  on  different 
fides  the  lens^^as  the  obje5f  approaches  the  lens  the  i- 
mage  recedes  from  it  \  or  if  the  obje5f  recedes^  the  i- 
mage  approaches  it.  In  general^  if  the  objett  Qfrom 
an  infinite  diftance  approaches  D,  the  image  flies  from 
the  pflricipdl focus  t  to  q\  and  when  Q  arrives  at  the 
principal fccUs  T,  q  is  infinitely  difiant. 

For 
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For  (by  Cor.  3.  Prop.  XXI.)  QT  and /^  are  Fig, 
reciprocally  projpbrtional. 

Cor.  2.  If  the  ohje5f  and  Image  he  hoth  on  one  fide  pi^ 
of  the  lens  j  //  the  dbje5i  motj'es  towards  the  lens  \  the 
image  alfo  moves  towards  the  lens.     And  if  the  ohjeU 
moves  from  />,  the  irMge  moves  from  it. 

For  if  /  is  the  principal  focus,  tq^  is  reciprocally 
as  /Q,  by  Cor.  3.  Prdp;  XXI. 

Cor.  3.     In  a  convex  lens^  if  the  ohjeU  he  heyond  9Q^ 
the  principal  focus  ^  its  imdge  will  he  on  the  other  Jide 
cf  the  glafs  inverted.     But  if  the  ohje^  is  nearer  than 
the  principal  fociis^    the  image  will  he  on  the  fams 
Jide  of  the  glafs^  ereSt, 

For  in  the  motion  of  Q^  to  T,  tq^  becomes  infi- 
nite at  T,  and  whilil  Q  goes  from  T  towards  D, 
q  comes  up  on  the  fame  fide  of  the  glafs  with  Qy 
and  then  the  image  becomes  ered. 

Cor.  4.  In  a  concave  lens,,  the  ohje5f  and  image 
are  always  on  one  Jide  of  the  lens. 

Cor.  5.  The  dijiance  of  the  image  may  he  increafed 
at  pkaftire^  and  alfo  its  magnitude ;  hy  hringing  the 
bhjeSf  nearer  the  principal  focus, 

PROP.     XXXV.     Proh. 

Having  a  lens  whofe  principal  focal  diflance   is  ^j, 
known  ;  to  find  the  diftance  of  an  ohjeSl,  that  its  dia- 
meter may  he  to  the  diameter  of  its  image^  in  the  given 
ratio  of  a  to  i. 

This  is  eafily  refolved  by  Cor.  i.  Prop.  XX. 

For  iince  d  :  f  i  i  a  \  i  y    therefore  —  zz  f  zz 

a 
pdrR 


-^- and  dxr-h R — prR zz aprR ; 

dxr+  K-^prR  ^ 

there- 
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f'jg-  therefore  d  X  r +  R  =  ^/'^R  +  prR.  zr  ^?+  iX/>rR, 

'      '  whence  i  z:  ^  "^  ^   x/^'R.     Let  /  =  principal  fo- 

r  +  R 
cal  diftance;    then   (Cor.   i.    Prop.  XIX.)    t  zz 

prR 


r  4-R 


,  and  therefore  d  zz  tx^  +  i» 


Cor.  In  like  manner^  if  all  the  quantities^  /,  />,  dy 
Vy  R,  ^^f^^/  £?;^f5  be  given  j  /to  c«^  may  he  found  by 

refohing  the  equation  f  =z ^ . 

^Xr  +  R  — ?rR 

PROP.      XXXVL 

^he  image  made  by  a  lens^  becomes  viftble^  by  placing 
the  eye  to  receive  the  diverging  rays  going  from  the 
image,  and  at  a  proper  diftance  for  diftin^  vi/ion. 

To  fee  the  image,  one  muft  behold  it  as  one 
would  do  any  other  vifible  objedt.  And  confe- 
quently  in  order  to  fee  it,  the  eye  muft  be  placed 
in  the  diverging  rays,  fo  that  they  may  enter  the 
eye,  and  thereby  make  the  image  vifible.  But  it 
cannot  be  feen  in  any  other  fituation,  than  in  the 
diverging  rays  ;  for  if  thefe  mifs  the  eye  there  can 
be  no  vifion.  For  as  all  the  points  of  any  vifible 
body  are  radiant  points,  fo  all  the  points  of  an 
image  are  radiant  points,  each  in  its  proper  pencil 
of  rays  iffuing  therefrom.  All  the  difference  is, 
the  image  can  only  be  feen,  when  the  eye  is  placed 
in  thofe  pencils ;  whereas  a  luminous  body,  that 
fend  rays  every  way,  may  be  feen  in  any  fituation. 

Cor.  I .  ne  image  made  in  the  air  by  the  lens^  may 
not  only  be  feen  by  the  eye  placed  in  the  diverging  rays-, 
hut  it  may  be  feen  upon  a  paper ^  placed  in  the  focus 
$f  the  glafs. 

Cor. 
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Cor.  2.  If  R  be  an  ohje^^  F^the  focus-,  thsn  to  Fig. 
an  eye  at  O,  beyond  the  glafs  \  the  ohje&  R  Jhall  ap-  92. 
pear  at  F  j  and  therefore  it  is  magnified,  - . 

For  an  objedl  appears  to  be  fituated  in  the 
place,  from  which  the  rays  come  laft  to  the  eye, 
which  is  at  F. 

Cor.  3.  Concave glaffes^  make  ohje5fs appearnearer^  go 
f mailer  and  fainter  than  they  are. 

For  by  the  fpreading  of  the  rays,  by  therefrac-. 
tion  of  a  concave,  fome  of  them  mifs  the  eye  ; 
which  would  fall  upon  it  if  the  glafs  was  not  there. 

Cor.  4.  In  a  convex  lens  if  the  eye  be  placed  be-  88. 
tween  the  glafs  and  the  real  image ;  the  image  will  ap- 
pear ereti^  but  confufed^  and  nearer  the  eye, 

'  For  the  rays  do  not  crofs  one  another  before 
they  come  to  the  eye.  As  if  the  eye  was  between 
D  and  ^,  there  is  no  croffing  but  at  ^,  and  the  eye 
takes  them  beibr^  they  come  there.  It  appears 
nearer  the  eye,  becaufe  it  is  confufed ;  for  experi- 
ence has  taught  us,  that  objeds  very  near  the  eye, 
always  appear  confufed  ;  and  therefore  thro'  cuftom 
we  judge  thefe  objedls  always  to  be  near  the  eye, 
which  appear  confufed. 

Cor.  5.  Likewife  if  the  eye  be  placed  either  between 
D  and  q^  or  beyond  q^  and  you  look  with  both  eyes ; 
the  objeoi  will  appear  double. 

For  in  fuch  a  pofition,  the  axis  of  the  eyes  can- 
not both  of  them  be  directed  to  the  fame  point  of 
the  image,  to  make  it  appear  fingle. 

Cor,  6.  If  a  convex  lens  be  fixt  in  the  window 
Jhut^  and  the  room  made  dark^  the  pi^lures  of  exter- 
nal objects  will  be  painted  upon  a  paper  held  in  the  fo- 
cus of  the  glafs. 

For  by  Cor.  2.  the  images  will  be  found  there, 
and  if  the    objeds  are   very  luminous,    and  the 

room 
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Fig.  room  dark,  they  will  appear  bright,  and  in  their 
proper  colours,  but  inverted. 

PROP.      XXXVII. 

94.  If  an  ohjeSf  PR  he  placed  in  the  principal  focus  Q^ 
of  a  lens  AB ;  its  apparent  magnitude  at  any  place 
whatever  as  O,  beyond  the  lens,  will  he  invariably  the 
fame  \  and  equal  to  the  apparent  magnitude  when  feen 
from  D,  the  center  of  the  lens^  with  the  naked  eye. 

For  fby  Con  10.  Prop.  XX.)  all  the  rays  of  the 
pencil  PAD,  will  emerge  parallel  to  one  another, 
and  to  the  axis  PD  ;  and  therefore  the  angle  DO  A 
will  be  equal  to  QpP ;  but  (Cor.  8.  Prop.  XXXII.) 
DO  A  is  tlie  apparent  magnitude  of  QP,  feen  by 
tefradion  at  O,  and  QDP  is  the  magnitude  ajs  feen 
from  D.  Therefore  <  QDP  zz  <  O  =  <  L 
n  <  I,  (which  meafures  the  apparent  magnitude 
6f  PQ,)  whether  the  eye  be  placed  at  O,  L,  or 
I,  &c. 

Cor.  1.  Hence  the  apparent  magnitude  of  a  body 
placed  in  the  principal  focus  will  always  continue  the 
fame,  however  the  eye  is  moved  backward  or  forward 
from  the  lens. 

Cor.  2.  The  nearer  the  eye  is  to  the  lens,  the  more 
cf  the  obje5i  appears  -,  and  the  further  off,  the  lefs  of 
it  is  feen. 

For  the  eye  at  O  can  fee  no  more  of  the  obje£b 
than  P  i  but  at  L,  fome  parts  above  P  may  be 
feen  by  rays  coming  from  thence  thro'  A  to  L. 
But  if  the  eye  be  removed  back  from  O,  the  ray 
AO  will  then  mifs  the  lens,  and  the  point  P  will 
not  be  vifible. 

Cor.  3.  If  the  chje^l  be  nearer  than  the  principal 
focus,  its  apparent  magnitude  grows  lefs  in  going  frorh 

the 


B.IIL  DIOPTRICS,  ^  141 

theglafs.   If  the  ohje5i  be  further^  the  apparent  mag-  Fig, 
nitude  increafes^  in  going  from  it. 

When  the  objed  is  nearer  than  the  principal  i^^ 
cus,  as  at  R  (fig.  92.)  'j  then  the  fqcus  F,  and  image 
there,  will  be  on  the  fame  fide  of  the  glafs  j 
.therefore  the  eye  at  O  going  further  from  the  glafs, 
^goes  alfo  further  from  the  image  at  F,  and  upon 
that  account,  it  will  appear  lefs  and  lefs,  but  by 
flow  degrees. 

But  when  the  objed  is  beyond  the  principal  fo* 
cus  as  at  Q^(fig.  90),  then  the  focus  q  will  be  on 
the  contrary  fide  of  the  glafs  j  that  is,  it  will  be  on 
the  fame  fide  with  the  eye.  Then  let  the  eye  be 
placed  beyond  q  to  view  the  image  there  ;  and  as 
it  approaches  j,  the  apparent  magnitude  of  the  i- 
jTiage  will  grow  bigger  and  bigger  (being  as  the 
angle  it  appears  under),  and  at  ^,  it  becomes  infi- 
nite, and  infinitely  confufed,  and  begins  to  be  in- 
verted again.  Then  proceeding  icill  from  ^  to  D 
it  decreafes  again  from  infinity  to  a  given  magni- 
tude. So  that  on  either  fide  of  ^,  its  apparent 
magnitude  will  be  as  the  diflance  from  q^  therefore 
it  inc;reafe5  going  from  D  till  it  be  infinite  at  q. 

Scholium. 

There  are  other  phcenomena  of  glafs  lenfes,  re- 
solvable the  fame  way,  fuch  as  the  following. 

1.  If  the  eye  be.fixt  in  the  principal  focus,  the 
apparent  magnitude  of  an  objed  will  be  invariably 
the  fame,  wherever  the  pbjed  is  placed  beyond 
the  glafs. 

2.  If  the  eye  is  fixed  at  a  lefs  diftance  than  the 
principal  focus  -,  the  apparent  magnitude  of  an  ob- 
jed  is  diminiflied,  as  it  is  further  removed  from 
the  glafs,  but  by  flow  degrees. 

3.  If  the  eye  be  fixed  at  a  greater  difliance  than 
the  principal  focus  •,  the  apparent  magnitude  of  an 
©l^fid  is  inoreafed,  as  it. is„ removed  from  the  glafs; 

till 
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Fig.  till  it  comes  to  the  conjugate  focus,  in  refpc6l  to 
the  eye ;  and  then  it  becomes  infinite,  and  infi- 
nitely coi\fufed,  and  begins  to  be  inverted ;  and 
going  further  off,  it  is  diminifned  again.         - 

4.  If  the  eye  and  objefl  be  fixt,  and  a  convex 
lens  be  moved  from  the  objed:  to  the  eye  \  the  ap- 
parent magnitude  of  the  obje(5l  increafes  to  the 
middle,  and  then  decreafes  to  the  eye.  When  it 
comes  into  fuch  a  pofition,  that  the  eye  and  objeft 
are  conjugate  foci,  the  cbje6t  is  infinitely  con- 
fufed. 

5.  If  the  eye  and  obje6l  be  fixt,  and  a  concave 
lens  be  moved  from  either  of  them  to  the  other; 
the  apparent  magnitude  of  the  objed  will  decreafe 
to  the  middle,  and  then  increafe  again. 

The  apparent  diftance  is  reciprocally  as  the  ap- 
parent magnitude  ;  and  in  general  we  judge  thef 
apparent  diilance  of  an  objed  to  be  the  very  fame, 
as  we  fuppofe  the  diftance  of  a  real  object  to  be, 
from  which  the  rays  come  to  our  eyes- with  the 
fame  degree  of  confufion. 

The  apparent  magnitude,  as  has  been  obferved 
before,  is  in  all  cafes,  reciprocally  as  the  diftance 
of  the  eye  from  the  image,  or  dire6tly  as  the  an- 
gle it  fubtends  \  and  that  whether  the  rays  diverge 
or  converge,  or  whether  the  image  be  before  or 
behind  the  eye.  But  the  image  hardly  ever  ap- 
pears diftin(5l  in  any  of  thefe  cafes. 

PROP.    XXXVIIL 

^^-       ^he  hrightnefs  of  the  image  fr^  formed  hy  the  lens 

AB* 

AB  from  the  luminous  oljeEi  PR  -,  will  he  as  -— , 

the  area  of  the  lens  dire3ly^  and  the  fqvMre  of  the 
dijlance  of  the  image  reciprocally. 

For  the  brightnefs  of  the  objed  being  given, 

the. 
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the  quantity  of  light  flowing  from  it,  and  falling  on  Fig. 
the  lens,  and  tranfmitted  to  the  image,  will  be  di-  88. 
redly  as  the  magnitude  of  the  objed,  and  that  of 
the  lens,  and  reciprocally  as  the  fquare  of  the  dif- 
tance.     Therefore  the  light  falling  on  the  pidure 

f-p^  is  as  — -—-- .     But  the  denfity  of  the  rays, 

or  the  brightnefs  of  the  image,  is  as  the  quantity 
of  light  diredlly,  and  the  area  reciprocally,  that  is, 

pi?  *  V   A  R* 
as  ^"^   ^     ^  .     But  by  fimilar  triangles  (Prop. 

XXXI)  —  zz  ^  5  therefore  the  brightnefs  is 


as 


AB^  X  QD"  _  AB^ 


Cor.  I.  If  the  hrightnefs  of  the  ohjeB  he  increafed 
in  any  "proportion^  which  call  B  j  then  the  hrightnefs 

AB* 

ef  the  image  will  be  as ^B. 

Cor.  2.  In  very  remote  ohje5fs^  if  f  he  the  princi- 
pal focal  diftance^  then  the  hrightnefs  of  the  image 

will  he  as  Z —  B. 
// 
For  then  Dq  =/. 

Cor.  3.  The  hrightnefs  of  the  image  increafes  with 
the  area  of  the  glafs  \  hut  the  dillin5lnefs  of  it  de- 
creafes. 

l-'or  it  is  only  the  rays  very  near  the  vertex,  that 
are  refraded  to  a  fmgle  point,  in  the  pidure; 
thofe  that  are  farther  off  deviate  more  and  more, 
and  fo  make  the  pidure  confufed.  All  this  is  plain 
from  Prop.  X.  and  XJ,  where  you  find  different 
proportions  for  the  focus,  when  the  arch  is  large 
and  when  fmall,  in  a  fmgle  refradion  ;  and  the 
refradion  at  two  furfaces  increafes  the  error. 

PROP. 
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Fie:. 

PROP.    XXXIX. 


-D' 


95'      if  ^  convex  lens  AB  he  held  dire£fly  to  the  rays  of 
the  fun  \  and  a  comhufiible  body  he  held  in  the  prin- 
cipal focus  P,   the  heat  of  the  rays  will  fet  it  on 
fire. 

For  all  the  rays  of  the  fun  which  fall  upon  th^ 
lens,  are  refraded  into  the  focus,  making  there 
the  image  of  the  fun.  And  all  thefe  rays  being 
brought  into  fo  fmall  a  fpace,  muft  have  an  intenfe 
heat  i  and  the  more  fo,  the  more  rays  are  brought 
thither,  or  the  broader  the  lens  is.  And  by  increaf- 
ing  the  breadth  of  the  lens,  the  denfity  of  the 
rays,  and  the  heat  thereof  may  be  made  fo  great, 
^s  to  burn  or  melt  all  forts  of  bodies  placed  there ; 
as  is  evident  by  experiments. 

Cor.  I .  I'he  heat  in  the  focus  of  the  lensy  is  to  the 
fun^s  direct  heat  \  as  the  area  of  the  glafs,  to  the  a- 
rea  of  the  image  in  the  focus. 

For  the  denfity  or  heat  is  reciprocally  as  the 
fpace  it  is  contained  in. 

Cor.  2.  ^he  degrees  of  heat  in  the  foci  of  different 
lenfes ;  are  as  the  fquares  of  the  diameters  dire5ily^ 
and  the  fquares  of  the  focal  diftances  reciprocally. 

For  the  heat  is  as  the  brightnefs  of  the  fun's  image, 

that  is  (by  Prop.  XXXVIII.)  as  ^[. 

Scholium. 

Upon  account  of  the  fun's  rays  meeting  in  that 
place,  and  burning  bodies  therein,  it  is  called  the 
focus  or  burning  'point  \  and  the  lens  itfelf  a  hurn^ 

in^  glafs. 

When 
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When  the  fun's  rays  cannot  be  colleded  into  a  Fig. 
focus  fmall  enough  to  burn  brifkly,    as  in  large  ^^, 
glaffes,    or  thofe  of  a  long  focus  -,  they  may   be 
made  to  pafs  thro'  a  fmaller  lens,  held  in  the  con- 
verging rays,  which  will  contrail  them,  and  bring 
them  into  a  lefs  fpace  in  the  focus. 

P  R  O  P.      XL. 

If  AE  he  a  plane  conve'^  lens^  expofed  with  the  06, 
plane  fide  to  the  parallel  homogeneous  rays  NA,  CV. 
And  if  P  he  the  principal  focus ^  or  that  of  rays  fall- 
ing near  V.  and  F  the  focus  of  the  ray  AF.  m,  n 
the  fines  of  incidence  and  refra5lion  out  of  a  rare  into  a 
denfe  medium^  ;^  zi  DV,  the  verfed  fine  of  the  arch 

AV.     "l^hen  the  ah  err  at  ion  PF  zz x, 

nxm  —  n 

From  the  center  C  draw  CN,  CM  perp.  to 
the  rays  NA,  MP;  and  put  CV  zz  a^  VN  zz  x^ 
CP   —  z.      Then   AD^  zz  2ax  —  xxy    DP'^   = 

z  —  a  -\-  x''  zz  zz  +  2XZ  —  2az  +  xx  —  lax-^aa^ 

and  AP^  zz  (AD^  +  DP^  ~)  zz  +  2xz  —  2az 

+  aa.  By  fimilar  triangles,  AP*  (zz  -f  2xz  —  2az 

4-  aa,)  :  CP^   (zz)  :  :   AD^   or  CN^   (nn)  :  CM^ 

{mm)^  whence -^/^^z  zz  mmzz  -f-  2mmxz  —  2mmaz 

,                    J  L        J    o-                   rnma  —  mmx  , 
-f  mmaa^  and  by  reduction,    z  z= + 

mm  —  nn 


m  s/nnaa  —  2mmax  +  mmxx  ,  .         , , 

~ ,    and  putting   dd   zz 

mm  —  nn  r         o 

mm — nn,,  andextra6lingtheroot,2:  zz  —  x^  — ^  + 

^  v^  <r.^       ^^^    ^         ddmmxx  o  mma  +  mna 

dd  n  2n'a  dd 

mmn  -^  m^  ^  m^         c  ,,  .    jj 

— — X  —  — — XX  czQ.  zz  (becauie  dd  zz 

nad  2n'a 
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Fig. ma  mm  fff^ 

96.  m-^nxm—n)-:!^^—^ 


X    —    XX 


md 


&c.  -=1  CP.     But  when  x  n  o,  then  CF  = 


m  —  n 


Therefore  CF  —  CP  or  PF  zz  -^^  x  ^r  ~  ^x 

7i.m — 71         2^^^ 

^       __     mm     ,  1         XT         i 

5cc.  —  .'.y,    nearly.      Here  the  rays  being 

7t,m — •// 
perp*  to  the  plain  furface  AB,  fufFer  no  refra6lion  ; 
and  therefore  it  is  the  fame  thing,  as  if  the  rays 
were  only  refraded  at  the  fpherical  furface  AV. 

Cor.  I.  Putting  AD  zijy,  the  aherrat'iGn  by  th 

figure  of  the  lefts,  that  is,  PF  zz  --^^. 

lan.m — n 

Vox  yy  z:  zax-^xx  zi  2^x  nearly,  and  x  zr-^. 

2a 

Cor.  2.  The  aberration  by  the  fphericalnefs  of  the 
figure,  is  as  the  'uerfedftne,  or  as  the  fquare  of  the 
iord,  of  half  the  arch  AV. 

Cor.  g.  T'he  aberration  in  length 'PF,  of  a  pla?^ 
convex  lens,  is  4f  tifnes  its  thicknefs,  Jieay^ly. 

For  w  zi  3,  n  ZZ2,  and  ^ —  :y  iz  -^  ^  zz 

n.77i  —  n  ^ 

Cor.  4.  T'he  lateral  aberration  FG  correfponJin^ 

toVF,  ts  zz X  ^Z —    . 

nn        2aa 

For  CF  =  J!^,    and  YF  -  -i^  -a- 
m  —  n  m  —  n 

na 


.  And  by  fimilar  trianglei  PD  or  FV    —l—  / 

„  ^m — w 

AD  iy)  :  :  PF  f^^      ^vv\:FGzz  '^.  x  -^. 
^lan.m-^n     J  ''^^^        ^^^ 

Cor^ 
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Cor.  5.    the  aberration  PF  =  _f"^  x  -^ ,  ^f 

^ir„'      2VF    96- 

and  the  correfpondent  lateral    ah  err  at  ion    FG    ::ir 
mm  AD^ 

For  (Prop.  XIII.)  the  rays  going  into  a  rarer 
medium,  n  .  m  :  \  VF  :  CF.  And  n-.m  —  n::  VF 
:  CV  >   whence  n  x  CV  for  ;^^)  zz  ;;?  —  ;^  x  VF. 

Therefore  PF  =  _^.^  =  «'^xyy 

zanxm—n      m — nxi^^Xm — n 
mm       y^    __  mm  xj^ 


And  FG  z=  =  X 

nn       laa       2X^— /^"xVF" 

Cor.  6.  In  a  double  convex  lens,  of  the  fame  foi:al 
diflance  -,  the  aberrations  will  he  nearly  the  fame  as  in 
the  piano  convex. 

For  the  rays  AP,  VF  will  be  nearly  of  the  fame 
length  as  before  ;  and  therefore  their  difference,  or 
the  aberration  will  be  the  fame. 

Cor.  7.  If  the  rays  don^t  come  parallel^  hut  diverg- 
ing, the  aberration  will  he  fomething  greater  •,  and 
converging  fomething  lefs  \  hut  may  he  taken  for  the 
fame. 

Cor.  8.  If  parallel  rays  {or  any  others  nearly)  fall 
upon  the  plane  fide  of  a  piano  convex  lens,  the  dia- 
meter of  the  leaft  circle  of  aberration,  is  4  the  aberra- 
tion made  at  the  principal  focus  -,  i?r  2QI  ~  tFG  zi 
mm   y   7^    _     mm  .  AD^ 

nn         A^aa      m^n  4VF^ 

For  this  is  the  lead,  when  VE  =  -l  VB,  and  EV 
cuts  AG  in  Q.  And  is  demonftrated  exadly  the 
fame  way  as  Prop.  XXIV.  B.  II.    And  hence 

Cor.  9.  The  circle  whdfe  dia/meier  is  2QI,  contains 
all  the  rays  refra5fed  by  the  lens,  betzveen  A  and  B. 

L  2  For 
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Fig.      For  EQ^  cuts  AP  in  Q,  at  the  greateft  diflancc 
^6,  from  the  axis  VF. 

Cor.  10.  Hence  if  the  principal  focal  dijlance  is  gi- 
ven ;  the  lateral  aberrations  are  as  the  cubes  of  the 
breadths  of  the  lens.  And  if  the  breadth  of  the  lens 
he  given^  the  lateral  aberration  is  reciprocally  as  the 
fquare  of  the  focal  diftance. 

Cor.  11.  If  the  focal  diflances  and  apertures  of  a 

refieSling  concave^  and  a  convex  lens^  be  the  fame. 

"The  diameter   of  the  circle  of  aberration  caufed  by 

their  figures.,  will  be  above  30  times  lefs  in  the  re- 

fieSlor  than  in  the  refra^or. 

For  (hj  Cor.  i.  Prop.  XXIV.  B.II.  and  Cor.  8, 

of  this) ;  thefe  diameters  are ,    (where  /  the 

focal  diftance  ~  tR),  and  ^  X   -^   fwhere  / 

nn  \aa 

-zi  la)^  and  B  iz  j.     And  thefe  are  as and 

^  X  ^  ;  that  is,  as  1    to  !!!^  or  as  i  to  1^, 
nn      ff  16         nn  nn 

or  as  I  to ^  or  '^6. 

4 

PROP.      XLI. 

97'  Let  the  fine  of  incidence.,^  going  out  of  a  denfe  me- 
dium be  n^  the  fines  of  refra^ion^  (into  a  rare  me- 
dium) of  the  leafl^  the  mean.,  and  the  moft  refrangi- 
ble rays  be  />,  m.,  q.  Then  if  a  piano  convex  lens  be 
expofed  with  the  plain  fide  to  the  fun  ;  the  diameter  of 
the  circle  of  aberration  IK  {by  the  different  refran- 
gibility\  is  to  the  diameter  of  the  lens  K2i\  as  q  — ^, 
to  q  -\-  p  —  2». 

Becaufe  all  the  rays  fall  perp.  on  AB,'  they  are 
only  reflated  by  the  furface  AVB.     Draw  the  ra- 
dius 
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dius  CAL,  and  the  axis  CVF,  and  RAG,  SBH  Fig. 
parallel  to  CV.     And  let  AT/  and  BK/  be  the  ^'j. 
leaft  refrangible  rays,  and  AFK,  BFI,  the  moft 
refrangible.     Thro'  1,  K  draw  LH  which  will  be 
perp.  to  C/.     Now  fince  the  arch  AV  is  fuppofed 
to     be    very    fmall,     the    angle    ACV    is    very 
fmall,   and  confequently  the  angles  LAG,  LAI, 
LAK  are  like  wife   very  fmall ;    and  confequent- 
ly the  lines  LG,  LI,  LK  are  nearly  as  the  fines, 
of  thefe  angles ;  therefore  if  LG  zz  w,  then  will 
II   =p,  LK   z:  ^:  For  LAG   or  RAC  is  the 
angle  of  incidence      Hence  GI  n:  (LI —  LG  zz) 
p—n,    IKzz  (LK— LIzz)  ^— j).     And  lOzz 

ilK  =  llZi?.     Therefore  GO  or  AD  =:  (GI  -f 
2 

\0  z=.)p^n  ^^Zll^zit±l:=:2!^ ,  and2:AD 
2  2 

■=.p  ■\-(i  —  2;/.     Therefore  2AD  or  AB  :  IK  :  : 

p  +  ^  —  7n  \  q — p.     And  all  the  rays  between  A 

and  B,  pafs  thro'  IK. 

Cor.  I .  Diameter  of  the  circle  of  aberration  IK  : 

diameter  of  the  lens  AB  :  :  ^       ^  :  m — n. 
^  2 

For^  +  ^  ==  2»?,  andlK:  AB;:  q-^p  -  2m — zni 


m — ». 

2 


Cor.  2.  ne  aberration  Tf  :  focal  dijlance  fD  :  : 
q  — p  :  m  —  n. 

For  by  fimilar  triangles,  /O  :  OI  :  :  /D  :  AD ; 
and  2/0  or  /F  ;  2OI  or  IK  :  :  /D  :  AD  or  ^AB. 

And/F  :  fO  :  :IK:  iAB  :  :  LZI:  ^tSZJl:  :  q^p 


m  —  n. 


Cor.  ^,  In  a  piano  convex  glafs  the  diameter  of  the 

circle  of  aberrations^  or  that  which  cuts  all  the  rays^ 

is  the  55th  part  of  the  diameter  of  the  glafs.     And, 

L  3  the 
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Fig.  the  aberration  in  lengthy  is  the  2ph  or  2%th part  of 
gy»  the  focal  diftance. 

For  in  glafs  /^  zz  50,  ^  zz  77,  ^  zz  78.  And  AB 

:IK  :  :  m  —  n  (27-i)  :  IZI^  (f)  :  :  55  :  i.     And 

2 

/D  :  F/:  :  m  —  n  (27^)  :  g—p  (i). 

Cor.  4.  jTi?^  diameter  of  the  circle  of  aberrations^ 
in  which  all  the  rays  are  contained^  that  affect  the 
fenfe^  is  hardly  the  200th  part  of  the  diameter  of  the 
glafs. 

The  foregoing  computation  takes  in  all  the  rays, 
but  fince  they  are  exceeding  thin  toward  the  cir- 
cumference of  the  circle  of  aberrations,  and  ex- 
ceeding denfe  near  the  center ;  not  above  a  quar- 
ter of  that  makes  any  fenfible  impreffion.  And 
therefore  4  X  S5  ^^  220  to  i  will  now  be  the  ra- 
tio of  AB  to  KI. 

Cor.  5.  In  different  glaffes^  the  aberrations  are  as 
the  diameters  of  the  glaffes.  And  the  angles  of  aber- 
ration  are  as  the  breadth  of  the  glaffes  dire&ly^  md 
the  focal  diftance^  invtrfely, 

g5^       Cor.  6.  Hence  if  b  be  the  breadth  of  the  lens^  fthe 

gy^  focal  diftance  \  the  aberration  by  the  figure  of  the  lens^ 

is  to  the  aberration  by  the  different  refrangibility  \  as 

mm     ^,     ^^    *.r.  ^       ^ 
X — ——X-oq^ — p. 


m — n        1  dff 

For  Cor.  8.  Prop.  XL.)  the  diameter  by  the  fi- 
gure is  ..^^  X  _^21_  =  -^^  X  Jl^. 
^  ^^n"       8X4VF^        ^H^^         32// 

And  the  diameter  by  the  aberration  fby  Cor.  i.  of 
this)  is  ■— -JT"^  ,     X  b.     Divide  both  by 


2Xm  —  n  2Xm — n 

and  you  have  the  ratio  as  above. 

Cor. 
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Cor.  7.  In  the  ghjfes  of  telef copes ^  the  error  caitfed  Fig. 
hy  the  figure  of  the  glaffes^  is  quite  inconJjde?ahle^  and  ^6^ 
may  be  reckoned  as  nothings  in  refpefl  of  the  error  by  ^J* 
the  different  refrangibility. 

For  in  glafs  ;^  =:  50,  p  ^yj-,  m  zn  yj{^,  q:=:7^, 
and  the  error  by  the  figure,  is  to  the  error  by  the 

different  refrangibility,  as      'f--  to  i .    For  f — p 

m--n        i6ff  27^  i6ff    ^ 

II  i6ff        11x32    ff  ff 

Ex.  I. 

Suppofe  ^  13  4  inches,  /  n  100  feet  —  12O1O 
Inches,  then  iMsf!  ^ll^S><j6  ^    2i8^_^ 

ff  1440000  1440000 

and  the  error  by  the  figure  is  to  the  error  by  re- 
ifradlion,  as  218.4  to  1440000,  or  as  i  to  6593. 
And  if  the  rays  that  affe^l.  the  fenfe  be  only  a  quar- 
ter of  this^  (as  in  Cor.  4.),  the  ratio  becomes  as  i 
to  1648. 

Ex.  2. 

Suppofe  ^  =  2   inches,  /  zz  240  inches  *,   and 
13.65^^  _  13.65x4   -^       ^^^^5       _.  13-^5   _ 
ff  240  x  240        120  X  I  ?.o         14400 

;  and  thefe  errors  as  1055  tp  i.     And  if  we 

1055 

reckon  only  the  mean  rays  ;  it  will  be  no  lefs  than 

263  to  I  J    a  trifling  quantity  for  the  figure  of  the 

glafs. 

From  hence  it  appears,  that  the  lefier  the  focal 

diftance  of  the  glaffes  are,  the  more  eonfiderable 

is  the  error  proceeding  from  the  figure  of  the  glafs. 

And  therefore  in  microfcopes,  the  aberration  arifing 

L  4  from 
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Fig.  from  the  fpherical  figure  of  the  glafTes,  may  have 
96.  a  fenfible  effed^  •,  by  reafon  of  the  fmallnefs  of  the 
<^^,  fpheres,  and  the  large  apertures  required  therein. 

Cor.  8 .  If  the  breadth  of  a  glafs  lens  he  \  the  dia- 
meter-cf  the  fphere ;  the  aberration  caufed  by  the  fi- 
gure^ is  nearly  equal  to  the  aberration  caufed  by  the 
different  refrangibility  of  the  rays. 

For  by  Cor.  6.  the  aberration  by  the  figure  is  to 
the  aberration  by   the  difierent  refrangibifity  •,  as 

.  ^^^ .-  X  to  q  —  p.     Put    them  equal,  then 

m--n      i6ff 

. X  -— -  =  q  — p^  or  in  numbers,  ^  X  -—-. 

m  —  n       itfj  ^  I  off 

zz  f.  And  gbb  z=.  iGff  And  extradling  the  root, 
3^  iz  4/13  4  X  radius  in  a  double  convex  r:  2  di- 
ameters, and  ^  =:  ^  the  diameter. 

Cor.  9.  'The  aberration  in  any  lens  by  the  different 
refrangibility^  will  be  nearly  the  fame^  as  in  a  piano 
convex  of  the  fame  focus. 

For  in  a  double  convex  of  equal  radii,  the  re- 
fra£tion  at  each  furface  will  be  but  half  fo  much 
as  at  the  convex  furface  of  the  piano  convex,  which 
has  double  the  curvature. 

Scholium. 

Altho'  glafTes  formed  into  the  figures  of  the  conic 
fe6lions  or  any  other  curves,  could  refrad  the  rays 
accurately  to  one  point.  Yet  fince  no  method  has 
been  found  out  to  give  them  thefe  figures,  by  grind- 
ing them  into  their  proper  forms  ;  and  a  glafs  may 
be  very  truly  ground  into  the  form  of  a  fphere. 
Therefore  Opticians  are  obliged  to  make  ule  of 
fpherical  glafTes  upon  all  occafions.  And  if  we  had 
glafTes  in  the  form  of  any  curve,  we  chufe,  yet 

none 
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none  of  them  can,  in  the  leaft,  alter  the  different  Fig. 
refrangibilky  of  the  rays.     Neither  can  any  curve  9b. 
refra6t  the  rays  ifTuing  from  the  collateral  parts  of  an  97. 
objedt,  to  a  fmgle  point.     And  therefore  fince  all 
the  errors  of  glafles  are  to  be  attributed  folely  to 
the  different  refrangibility  of  the  rays.     Therefore 
fpherical  furfaces  may  be  of  the  fame  ufe  as  the 
beil  curves  -,    and  being  fo  eafily  made,  they  arc 
more  commodious  for  dioptrical  ufes,    than  any 
other  curves  whatever. 


BOOK 


[  154  ] 


BOOK     IV^ 

T/^e  Combination  of  Glasses  ;    and  the 
ConJlf^uStion  of  Teles  cop e s  and  Mi- 
cros copes,    and  other  Optical  In^ 
Jiruments. 


P  R  O  B.    I. 

Pjct,  "To  explain  the  Nature  and  ConfiruBion  of  the  Eye. 

AS  the  fenfe  of  feeing  is  the  nobleft  fenfe  be- 
longing to  an  animal,  without  which  he 
would  live  in  perpetual  darknefs,  unable  to  perform 
the  neceffary  exercifes  of  life ;  and  fince  all  that 
has  been  demonftrated  of  glaffes,  and  will  hereaf- 
ter be  demonftrated  of  all  optical  machines,  tend 
only  to  this  fingle  end,  to  help  and  improve  this 
fenfe  of  feeing.  And  fmce  the  eye  is  the  organ, 
or  inftrument  by  which  vifion  is  performed  ;  it  is 
by  its  nature  an  optical  inftfument,  and  the  foun- 
dation of  all  others.  And  therefore  it  cannot  be 
amifs  to  give  a  fliort  defcription  thereof, 
g  :  ABCE  is  the  eye,  its  figure  fpherical ;  by  reafon 
"  *  of  which,  it  is  eafily  moved  any  way  in  its  focket. 
The  fore  part  at  A  is  more  convex  than  the  reft. 
It  is  contained  in  three  membranes,  the  outermoft 
is  the  Sclerotica  \  the  fecond  the  l^unica  choroides ; 
the  fore  part  of  it  is  called  the  /m,  which  confifts 
of  many  fibres  like  fo  many  radii.     The  third  or 

inner- 


0/i/zcA^^ 
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innermoft  is  called  the  Retina,  which  is  nothing  Fig. 
but  the  optic  nerve,  fpread  over  the  bottom  of  the  98. 

eye. 

In  thefe  are  contained  the  three  humours  of  the 
eye  -,  the  firft  is  HAI,  called  the  Aqueous  humour, 
which  is  a  thin  liquor  like  water.  The  fecond  is 
FG  the  Chriftalline,  in  the  form  of  a  lens,  more 
convex  behind  towards  C.  Adjoining  to  this  is  the 
third  KL,  called  the  Vitreous  humour. 

The  chriftalline  is  more  denfe  than  the  vitreous, 
and  the  vitreous  more  denfe  than  the  aqueous  hu- 
mor, and  all  together  make  a  compound  lens, 
which  refracts  the  rays  of  light,  iffuing  from  an 
objea:  PR,  to  the  bottom  of  the  eye,  and  there 
paints  its  image  pr  in  the  focus  upon  the  i;etina,  in- 
verted. 

The  figure  of  the  aqueous  humour  is  a  menif- 
cus,  and.fo  is  that  of  the  vitreous.  The  fore  part 
pf  the  fclerotica  is  called  the  Cornea,  and  that  part 
adjoining  to  it,  is  called  the  White  of  the  eye. 
Within  the  cornea  is  a  coat  called  the  Uvea  •,  in  the 
middle  of  this  is  a  hole  O  called  the  Pupil,  to  let 
in  the  rays  of  light.  And  the  pupil  is  contraded 
or  dilated  by  feveral  mufcular  fibres  in  the  uvea  or 
iris,  according  as  more  or  lefs  light  falls  on  the  eye, 
and  that  by  an  involuntary  motion. 

D  is  the  optic  nerve  going  from  the  retina  to  the 
common  fenforium  in  the  brain,  where  thefe  images 
are  perceived.  This  is  not  in  the  middle  of  the 
eye,  but  lies  nearer  the  fide  E,  which  is  towards  the 
nofe. 

Round  the  edge  of  the  chriftalline  FG,  is  a  ring 
of  fibres,  by  help  of  which  the  diftance  AC  is 
made  longer  or  Ihorter,  in  order  to  bring  the  image 
pr  upon  the  retina,  for  diftin6t  vifion.  And  per- 
haps thefe  fibres  aifo  make  the  chriftalline  more  or 
kfs  convex  at  the  fame  time.  This  ring  of  fibres 
is  called  the  Ligamentum  ciliare  \  and  its  back  part 
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Fig.  is  black,  to  fiifle  the  rays  that  arc  refleded  up- 
98.  on  it. 

The  eye  is  moved  in  the  head  by  feveral  mufcles 
inferted  in  the  fclerotica,  fo  that  it  may  be  quickly 
direded  to  any  objed. 

If  the  image  of  an  objed  does  not  fall  upon  the 
retina  at  pr^  the  vifion  will  be  confufed.  If  it  fall 
fhort,  or  nearer  FG  ;  then  a  concave  lens  that 
makes  the  rays  more  diverging  will  bring  them  to 
the  retina.  This  is  the  cafe  of  purblind  or  fhort- 
fighted  people,  who  are  forced  to  look  very  near 
an  object ;  or  elfe  they  mull  ufe  concave  fpedacles. 

If  the  rays  do  not  unite  till  they  get  beyond  the 
retina,  as  in  moft  old  people ;  then  a  convex  lens 
of  a  due  focus,  held  between  the  eye  and  objedt, 
will  make  them  converge,  and  fall  upon  the  re- 
tina. Therefore  long-fighted  people  muft  ufe  con- 
vex fpedacles. 

Altho'  the  image  is  painted  inverted  in  the  eye, 
yet  we  judge  it  ere6l ;  becaufe  we  always  find  it  fo 
by  cuitom  and  experience. 

The  diameters  of  images  at  the  bottom  of  the 
eye,  as  pr^  are  proportional  to  the  angles  which 
the  objedls  fubtend  at  the  eye,  as  FOR  ;  the  fame 
as  in  a  lens  •,  and  are  reciprocally  as  the  diftances 
of  the  fame  objecfl  viewed  in  different  places. 

The  eye  is  in  reality  no  more  than  a  camera  ob- 
fcura,  for  the  rays  of  light  flowing  from  all  the 
points  of  an  objed,  thro'  the  pupil  of  the  eye,  do 
by  the  refra6lion  of  the  humours  of  the  eye,  paint 
the  image  thereof  in  the  bottom  of  the  eye.  Juft 
fo  it  is  in  the  camera  obfcura,  where  all  the  rays 
refraded  by  a  lens  in  the  window  Ihut,  or  pafTing 
thro'  a  fmall  hole  in  it,  paint  the  image  on  the 
oppofite  wall.  Some  properties  of  the  eye  are 
thefe. 

I.  The  eye  can  only  fee  a  very  fmall  part  of  an 
objeft  diftindly  at  once.     For  the  collateral  parts 

of 
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of  an  objedt  are  not  reprefented  diftindlly  in  the  Fig. 
eye  ;    and  therefore  the  eye  is  forced  to  turn  itfelf  98. 
fuceefTively  to  the   feveral  parts  of  the  objed  it 
wants  to  view,    that  they  may  fall  near  the  axis 
of  the  eye,  where  alone  diftind  vifion  is  performed. 

2.  When  any  point  of  an  objed  is  ken  dillindly 
with  both  eyes,  the  axes  of  both  eyes  are  direded 
to  that  point  and  meet  there.  And  then  the  ob- 
je6t  appears  fmgle  tho'  lookt  at  with  both  eyes. 
For  the  optic  nerves  are  fo  framed,  that  the  cor- 
refpondent  parts  in  both  eyes,  lead  to  the  fame 
place  in  the  brain,  and  give  but  one  fenfation  j  and 
the  image  will  be  twice  as  bright  with  both  eyes  as 
with  one.  But  if  the  axes  of  both  eyes  are  not 
diredled  to  the  objedt,  that  objedl  will  appear  dou- 
ble, as  the  pidlures  in  the  tv/o  eyes  do  not  fall 
upon  correfpondent  or  fimilar  parts  of  the  retina. 

3.  The  beft  eye  can  hardly  diftinguifli  a  parti- 
cle of  matter  that  fubtends  at  the  eye,  an  angle 
lefs  than  half  a  minute.  And  very  few  can  dif- 
tinguifh  it  when  it  fubtends  a  minute.  If  the  dif- 
tance  of  two  ftars  in  the  heavens  be  not  greater 
than  this,  they  will  appear  as  one. 

4.  Young  people  can  fee  nearer  hand  than  old 
people ;  for  as  men  grow  old  their  eyes  grow  flat- 
ter;  and  to  colledt  the  rays  of  light  at  the  retina, 
the  obje6t  muft  be  placed  further  off.  And  this  is 
the  reafon  that  iliort-fighted  people  as  they  grow 
older  fee  at  a  greater  diftance. 

5.  Tho'  men  may  fee  diilin6tly  at  different  dif- 
tances,  by  altering  the  pofition  and  figure  of  the 
chriftalline,  yet  they  can  only  fee  diilindly  within 
certain  limits,  and  nearer  than  that,  cbjecTts  appear 
confufed.  But  thefe  limits  are  not  the  fame  in 
different  people.  A  good  eye  can  fee  didindly, 
when  the  rays  fall  parallel  upon  it ;  and  then  the 
principal  focus  is  at  the  bottom  of  the  eye. 

6.  If 
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Pig.  6.  If  a  good  eye  views  an  objedt  at  the  leaft 
gS.  diftance  it  can  be  feen  diftindly,  and  then  at  twice 
that  diftance,  and  then  at  an  infinite  diftance  ^ 
there  is  about  the  fame  alteration  made  in  the  fi- 
gure of  the  eye  between  the  two  laft  cafes,  as  there 
IS  between  the  two  firft. 

7.  If  a  ftiort-fighted  perfon  can  fee  an  objedl 
diftinftly  at  two  diftances,  whereof  one  is  double 
the  other.  As  great  an  alteration  muft  be  made 
in  the  figure  of  their  eyes  to  fee  it  at  an  infinite 
diftance,  as  there  was  made  for  the  firft  two  dif- 
tances •,  or  as  great  an  alteration  as  is  made  in  a 
good  eye,  to  fee  diftin6lly  from  the  greater  diftance 
to  infinity.  And  therefore  a  ftiort-fighted  perfon 
can  fee  diftindly  at  all  diftances  with  a  fingle  con- 
cave glafs,  of  a  proper  figure.  And  hence  the 
caufe  of  ftiort-fightednefs  is  not  a  want  of  power 
to  change  the  figure  of  the  eye ;  but  that  change 
is  not  great  enough  to  accommodate  it  to  all  dif- 
tances, taken  from  a  point  fo  near  the  eye. 

8.  A  man  can  judge  of  a  fmall  diftance  with  a 
fingle  eye,  by  frequently  obferving  how  much  va- 
riation is  made  in  the  eye  to  make  the  obje6t  dif- 
tin61: ;  and  from  this  a  habit  of  judging  is  acquir- 
ed. But  thi^  cannot  be  done  at  great  diftances, 
becaufe  tho'  the  diftance  be  varied,  the  change  in 
the  eye  becomes  then  infenfible. 

9.  But  a  man  can  judge  of  greater  diftances  with 
both  eyes,  than  he  can  with  one  eye.  For  the 
eyes  being  at  a  diftance  from  one  another,  as  long 
as  that  diftance  has  a  fenfible  proportion  to  the 
diftance  of  the  objed,  one  gets  a  habit  of  judg- 
ing, by  the  pofition  of  the  two  axes  of  the  eyes, 
which  are  always  direded  to  that  point.  For  dif- 
ferent diftances  require  different  pofitions,  of  the 
axes,  which  depends  on  the  motions  of  the  eyes 
which  we  feel.  But  in  very  great  diftances,  no 
judgment  can  be  made  from  the  motion  ot  the 

eyes^ 
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eyes,  or  their  internal  parts.  Therefore  we  cah  Fig. 
only  guefs  at  the  diftanc^  from  the  magnitude,  co-i^ 8* 
lour,  and  the  pofition  of  interjacent  bodies. 

I  o.  Whatever  hght  falls  upon  that  part  of  the 
retina,  where  the  optic  nerve  D,  fprings,  makes 
no  imprcflion  -,  and  therefore  if  the  pidture  of  an 
objed  fails  thereon,  it  is  not  perceived,  and  fo  that 
objed  is  invifible.  This  will  appear  by  placing  a 
fmall  bright  objedl  before  you,  and  looking  at  it 
with  one  eye,  and  moving  your  eye  laterally  to- 
wards the  contrary  fide  (towards  the  left,  if  it  be 
the  right  eye),  the  objedl  will  difappear,  and  feeih 
to  be  loft ;  and  moving  it  ftill  further,  it  will  ap- 
pear again.  Now  this  place  is  not  at  the  bottom 
of  the  eye,  but  nearer  the  nofe  in  both  of  them  •,  fo 
that  no  rays  either  parallel  or  diverging,  that  come 
from  any  objedl,  can  fall  upon  that  place  in  both 
the  eyes  -,  fo  that  any  object  we  dire<^t  the  eyes  to, 
will  always  be  vifible,  at  leaft  to  one  eye.  But 
the  fame  bright  objedb  may  be  made  to  difappear 
to  both  eyes,  by  direding  the  axes  of  both  eyes  to 
a  point  a  little  beyond  the  nofe,  to  be  found  by 
trials. 

1 1 .  Dimnefs  of  fight  generally  attend  old  peo- 
ple, and  this  may  arife  from  two  califes,  i .  by  the 
eyes  growing  flat,  and  not  uniting  the  rays  at  the 
retina,  which  caufes  indiftindlnefs  of  vifion ;  or, 
2.  by  the  opacity  of  the  humours  of  the  eye,  which 

in   time  lofe  their  tranfparency  in  fome  degree ;     . 
from  whence  it  follows  that  a  great  deal  of  the 
light  is  ftopt  and  loft,  that  enters  the  eye  •,  and 
every  objed  appears  faint  and  dim. 

12.  As  the  rays  of  light  flov/ing  from  an  ob- 
jed,  and  painting  its  image  upon  the  retina,  is 
the  immediate  caufe  of  feeing.  So  v^here  there  is 
no  light,  there  can  be  no  vifion ;  confequently 
without  light,  the  eye  becomes  a  machine  utterly 

ufelefs ; 
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Fig.  ufelefs  ;  as  it  can   give  us  no  manner  of  informa- 
98.  tion  of  the  exiftence  of  bodies  at  a  diflance  from  us. 

P  R  O  B.      11. 

^0  find  the  places  and  pofitions  of  the  images  form- 
ed by  feveral  lenfes^  or  refie^ors. 

There  may  be  an  infinite  number  of  cafes,  of 
this  problem,  according  to  the  number  of  lenfes 
and  their  diftances  from  one  another  ♦,  but  any  of 
them  may  be  folved  in  general  thus. 

Draw  a  right  line  thro'  the  centers  of  all  the 
lenfes,  for  their  common  axis.  Then  having  the 
pofition  of  the  objed,  find  the  focus  of  the  firft 
glafs,  or  the  place  of  the  firft  image.  This  being 
had,  and  the  place  of  the  fecondlens;  find  the 
other. focus,  or  the  conjugate  focus  of  the  fecond 
lens,  or  the  place  of  the  fecond  image.  This  be- 
ing found,  and  the  place  of  the  third  lens ;  find  its 
conjugate  focus,  or  the  place  of  the  third  image, 
and  fo  on  from  one  to  another,  as  long  as  there  are 
any  lenfes,  till  you  get  the  laft  image. 

The  places  of  the  images  being  known,  their 
pofition  as  to  their  being  eredl  or  inverted  may  be 
found  thus.  Take  a  point  in  the  objed  above  the 
axis,  from  which  draw  a  line  thro'  the  center  of 
the  firft  glafs,  and  continue  it  to  the  focus,  there 
you  will  have  the  firft  image  of  that  point,  and  if 
it  is  above  the  axis  it  is  ered  ;  but  if  below,  'tis 
inverted.  From  that  point  draw  a  line  thro'  the 
center  of  the  fecond  glafs,  to  the  fecond  image, 
and  that  gives  the  fecond  image  of  that  point, 
which  image  is  ere6l  or  inverted,  according  as 
that  point  is  above  or  below  the  axis.  After  the 
fame  manner  purfiie  the  ray  thro'  the  third  glafs, 
and  then  thro'  the  fourth  glafs,  and  fo  on  to  the 
laft,  where  if  the  laft  image  of  the  faid  point  be 

above 
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above  the  axis,  the  image  is  ered ;  if  below,  it  is  Fig. 
inverted.  If  there  be  any  refledors,  purfue  the 
ray,  after  the  fame  manner,  to  the  refpedlive  foci. 
The  fhortefl  way  to  find  the  conjugate  foci,  of  all 
the  glaffes,  fucceflivcly,  is  to  get  the  principal  foci 
firfl ;  and  then  thefe  will  be  had  by  Prop,  XXL 
Book  III. 

Ex.  I. 

Let  AB  be  a  refledting  concave,  PQ.  an  objed,  99. 
draw  the  axis  QD,  and  find  the  focus  q.  From  P 
the  highefl  point  of  the  objed,  draw  PD,  and  the 
refleded  ray  Dj),  then  p  is  the  image  of  P,  and  pq 
the  image  of  PQ  ;  and  fince  qp  is  below  the  axis^ 
the  image  is  inverted. 

Ex.  2. 
Let  A,  B,  C,    be  three  lenfes,  PQ^an  objed.  100. 
Draw  QH  the  common  axis  of  all  the  lenfes ;  in 
the  axis  QH  find  the  conjugate  foci  Q,  F,  of  the 
lens  A ;  and  F,  G,  the  conjugate  foci  of  the  lens 
B  •,  and  laflly  G,  H  the  conjugate  foci  of  the  lens 

C.  Take  the  point  of  the  objed  P  above  the  axis, 
and  thro'  A  the  center  of  the  firfh  lens,  draw  PA, 
and  continue  it  to  L  at  the  focus  F ;  then  L  is  the 
image  of  P.  Again,  draw  .LBM  thro'  the  center 
B  of  the  fecond  lens,  to  the  focus  G ;  then  M  is 
the  image  of  L,  or  the  fecond  image  of  P.  Laflly, 
draw  MCN  thro'  the  center  C  of  the  third  lens,  to 
the  focus  at  H ;  and  N  is  the  image  of  M,  or  the 
third  image  of  P.  And  becaufe  HN  lies  below 
the  axis,  or  contrary  to  the  pofition  of  PQ,  the 
laft  image  is  inverted. 

Ex.  3. 

Let  A,  B,  C,  D,  be  four  lenfes,  PQ^an  objed.  10 1, 

Draw  QK  the  common  axis  of  ail  the  lenles.     In 

this  axis  find  the  conjugate  foci  Q,  F,  of  the  firft 

lens  i  F  and  G,  the  conjugate  foci  of  the  fecond 

M  lens  >, 
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Fig.  lens  •,  G  and  H,  the  conjugate  foci  of  the  third 
loi.Iens;  laftly,  H  and  I  the  conjugate  foci  of  the 
fourth  lens,  which  is  a  concave.  Take  a  point  of 
the  objed  P,  above  the  axis,  and  draw  PAL  thro' 
the  center  of  the  firft  lens  to  the  focus  F  *,  then  L 
is  the  image  of  P.  Draw  LB  to  the  center  of  the 
fecond  lens,  cutting  the  perpendicular  GM,  at  the 
focus'  G,  in  M  ;  then  M  is  the  image  of  L,  or  the 
fecond  image  of  P.  Here  the  rays,  which  by  the 
glafs  A,  converged  to  L  ;  by  the  glafs  B  are  made 
to  converge  to  M7  Again,  draw  MCN  thro'  the 
center  of  the  third  glafs,  to  cut  the  perp.  HN  at 
the  focus  H,  in  N  ;  and  N  is  the  image  of  M,  or 
the  third  image  of  P.  Laflly,  draw  ND  to  the 
center  of  the  fourth  glafs,  cutting  the  perp.  lO, 
at  the  focus  I,  in  O  ;  and  O  is  the  image  of  N,  or 
the  fourth  image  of  P.  Here  the  rays  diverging 
from  N,  and  falling  on  the  concave  glafs  D,  are 
made  to  diverge  from  O  ;  juil  as  the  rays  diverg- 
ing from  H,  are  made  to  diverge  from  L  And 
fince  lO  is  on  the  fame  fide  of  the  axis,  as  the  cb- 
jed  PQ,  it  will  appear  to  be  ered. 

And  thus  the  rays  proceeding  from  an  objeft, 
may  be  traced  thro'  any  number  of  lenfes,  to  the 
place  of  the  laft  image. 

Cor.  I.  Hence,  if  part  of  the  rays  are  fl opt  by  tht 
way,  what  remains  will  belong  to  the  fame  focufes  as 
before  -,  and  the  fame  images  will  be  made  by  thefe  -par-, 
tial  pencils  of  rays  that  remain. 

For  in  the  oblique  pencils,  a  great  many  rays 
mifs  the  following  glaffes,  and  are  loft  ^  and  the 
more  fo,  the  more  oblique  they  are.  But  that 
does  not  afFe<5l  the  reft,  which  will  ftill  go  to  their 
own  focus. 

Cor.  2.  Hence  the  proportion  of  the  lafi  image  to 
the  obje5l  is  eafily  found.     And  that  is,  as  10  :  PQ_:  : 
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foAF  X  BG  X  CH  X  W  :  ^^QA  X  ^F  X  CG  X  Fig. 
DH.  .      ^?oi. 

■For  PO  to  10  is  compounded  of  the  ratio  of 
PQ  to  FL,  FL  to  MG,  MG  to  HN,  and  HN  to 
10 ;  that  is,  of  QA  to  AF,  BF  to  BG,  CG  to 
CH,  andDHtoDI^  or  of  QA  xBF  x  CGxDH 
to  AF  X  BG  X  CH  X  DI. 

Cor.  3.  Likewife  the  apparejtt  magnitude  of  the  laft 

image  lO  feen  from  any  point  K  : 
is  to  the  apparent  magnitude  of  the  cbje5i  FQjeen 
from  A,  with  the  naked  eye  -  : 
as  DI  X  CH  X  BG  X  AF  : 
to  KI  X  DH  X  CG  X  BF. 
For  the  apparent  magnitude  of  10,  to  the  ap« 
parent  magnitude  of  PQ,  is  as  the  angle  IKO  to 
the  angle  QAP.  But  IKO  to  QAP  is  compounded 
of  the  ratios  of  IKO  to  IDO,  and  IDO  or  HDN 
to  HCN,  and  HCN  or  GCM  to  GBM,  and  GBM 
or  FBL  to  FAL  or  QAP;  that  is,  of  the  ratios 
of  DI  to  KI,  and  CH  to  DH,  and  BG  to  CG^ 
and  AF  to  BF  -,   or  as  DI  X  CH  X  BG  x  AF  to. 
KIxDHxCGxBF. 

Cor.  4.  Therefore  liohere  there  are  hut  three  lenfes,^ 
A,  B,  C  ♦,  and  the  eye  at  C.  The  apparent  magni- 
tude of  the  laft  image  GM  :  is  to  the  apparent  magni- 
tude of  the  object  FQ,  feen  from  A  :  :  ^i  BG  X  AF  : 
to  CG  X  BF. 

P  R  O  B.      III. 

To  find  the  place  of  the  eye^  where  the  vifihle  area  iq^^ 
of  the  object  is  the  great  eft  ^  when  feen  thro'  fever  al 
glajjes. 

This  will  be  in  the  place  where  the  axes  of  all 

the  pencils  meet.     Suppofe   A  the  centre  of  the 

firft  glafs,  to  be  a  radiant  point,  and  that  the  rays 

iffuing  from  A,  are  refradted  fucceffively  by  all  the 

M  2  glaffes. 


k 
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Fig.  glafles  BG,  EF,  &c.  Then  find  the  focus  G  made 
102.  by  refradion  at  the  lafb  giafs  EF;  and  G  is  the 
place  of  the  eye.  And  this  is  found  after  the  man  ■ 
ner  of  the  laft  Prob.  by  finding  the  conjugate  foci 
A,  D,  for  the  glafs  BC  •,  and  then  the  conjugate 
foci,  D,  G,  for  the  glafs  EF,  and  fo  on  to  the  laft, 
which  is  done  either  by  Prop,  XXI.  or  Cor.  2. 
Prop.  XX.  of  Book  III. 

For  fince  the  glafs  A  is  the  common  bafe  of  all 
the  pencils  of  rays  that  come  from  the  objeft ;  the 
axis  of  every  pencil,  LA,  OA,  NA,  will  pafs 
ftreight  thro' 'the  center  A  of  the  glafs,  and  LAC, 
OAD,  NAB,  &c.  will  be  right  lines.  Therefore 
A  is  the  radiant  point  from  which  all  thefe  axes 
proceed.  Therefore  it  follows  of  courfe,  that  all 
thefe  axes  or  middle  rays  interfedl  again  in  the  fe- 
veral  feci  D,  G  &c.  And  confequently  if  the  eye 
be  placed  at  the  laft  focus  G,  it  'will  receive  all 
thefe  middle  rays,  and  befides  as  many  of  the  col- 
lateral rays  of  every  pencil,  as  the  breadth  of  the 
pupil  can  admit.  Therefore  the  vifible  area  of  the 
objeft  will  be  greateft,  when  the  eye  is  in  the  focus 
G.  For  if  the  eye  be  fuppcfed  at  any  other  place, 
the  eye  will  take  in  lefs,  becaufe  the  fedion  of  all 
the  rays  becomes  greater  j  (for  it  Is  the  very  leaft 
at  Dy,  and  fewer  of  them  will  fall  on  the  pupil. 

Cor.  I.  .If  the  laft  glafs  ¥.¥  be  a  concave^  the  eye 
miijl  be  put  clofe  to  the  glafs. 

For  its  focus  G  will  fall  between  the  glafs  EF 
and  the  point  D  ;  and  the  rays  coming  from  it 
thro'  the  glafs  will  diverge,  and  the  fe(5i:ion  of  the 
rays,  on  the  outfide  of  the  glafs,  will  be  the  leaft 
neareft  the  glafs. 

Cor  2.  T: he  focus  of  the  axes^  of  all  the  pencils^ 
is  a  quite  different  thing  from  the  focus  of  any  one 
pencil  t 

For 
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For  the  former  has  its  radiant  point  in  the  centre  Fig. 
of  the  firil  glafs  ;  and  tHe  latter,  in  the  objed  itfelf.  102. 

Cor.  3.  For  the  fame  reafon^  if  A  he  a  concave 
refie5ior^  and  A,  D,  conjugate  foci  /^  BC  ;  D  will  he 
the  inter fe^ion  of  all  the  axes  of  the  feveral  pencils^ 
or  the  place  of  the  eye, 

P  R  O  B.     IV. 

Having  given  AF,  the  leafi  dijlance  that  a  long-  jq^. 
fight ed  perjon  can  fee  dijiin5lly  ;  or  thegreatefl  diftance  jqa. 
a  fhort'fighted  per f on  can  fee  dijiin^ly  ;  and  AQ^the 
diftance  he  wants  to  fee  diftin^ly,     I'o  find  the  radius       -^ 
of  a' glafs  fit  for  that  purpofe. 

Let  AC  be  the  radius  of  a  double  convex,  or 

double  concave  ;  take  AC  ~  1^ — -^,   for  the 

AF  — AQ^ 

radius  of  a  convex  lens,  for  the  long-fighted  per- 
fon  \  or  for  the  radius  of  the  concave,  for  the  fhort- 
fighted  perfon. 

For  if  C  be  the  principal  focus  of  the  double 
convex,  or  double  concave  lens ;  or  which  is  the 
fame  thing,  CA  =:;  the  radius  of  the  fphere  (by- 
Art.  I.  Schol.  Prop.  XIX.  B.  III.)  Then  (Prop. 

XXII.  ib.)  QF:QA::  AF:CAzz  ^^^^Q  =. 

AFxAQ      r^^^^  ^^^  ^^^^  ^^^^  ^ 

AF— AQ  ^  ^ 

will  enter  the  eye  of  the  long-fighted  perfon,  as  if 
they  came  from  F,  and  will  therefore  make  the 
objed  at  Q  appear  diilindly  ffig.  103.)  and  the 
rays  proceeding  from  Ci  (fig.  104,),  v/ill  enter  the 
eye  of  the  ihort-fighted  perfon,  as  if  they  came  from 
F ;  and  will  therefore  make  the  objed  at  Q  appear 
diftindly  to  him,  when  AC  the  radius  of  concavity 
_  AFxAQ     ^^  AF  X  AQ^ 

AF--AQ'        AQj--.AF' 

M  3  CoF. 
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Fig.      Cor.  I.    A  hng'fighted  per f on  that  cannot  fee  dij- 

103.  tin5fly  nearer  than  F  j  cannot  fee  diftinBly  nearer  than 
Q^  by  help  of  the  glafs  BD  But  from  Q^to  C,  or 
further'^  he  can  fee  diftin5fly. 

For  as  F  approaches  the  glafs,  Q^  approaches  it 
(Cor.  2.  Prop.  XXXV.  B.  III.);  but  nearer  than 
F,  the  objed:  is  confufed ,  therefore  nearer  than 
Q,  the  image  is,  confufed.  But  beyond  F  it  is 
diftind:,  therefore  beyond  Q^it  is  diftind. 

Cor.  2.  If  the  long-f?ghted  perfon  can  only  fee  ob- 
je5is  difiin^iy^  which  are  very  remote  \  then  he  muft 
have  a  convex  lens  whofe  focal  diftance  is  AQ,  to  fee 
objects  diftin^dy  at  the  diftance  AQ. 

AF  X  AO 

For  in  thiis  cafe  the  radius  is  -^ -^  =  AQ, 

AF 

becaufe  AF  is  infinitely  greater  than  AQ^ 

104,  Cor.  3.  A  fhort-Jighted  perfon  that  cannot  fee  dif 
tin5ily  further  than  F ;  cannot  fee  diftin5!ly  further 
than  Q,  by  help  of  the  concave  glafs  BD.  But  can 
fee  diftinuly  from  Q^to  F,  or  nearer* 

For  as  F  and  Q^  both  recede  from  .the  glafs  -, 
and  beyond  F,  the  objefl  is  confufed,  k>  is  the 
image  beyond  Qj  but  on  this  fide  of  Q^it  is 
diftinct. 

Cor.  4.  If  AF  be  the  greateft  diftance,  a  fhort- 
fighted  perfon  can  fee  diftin^lly  ;  then  by  help  cf  a  con- 
cave, whofe  radius  or  focal  diftance  is  AF,  he  will  be 
able  to  fee  all  remote  objetls,  to  infinity. 

For  in  this  cafe  hQ^  is  infinite,  and  the  rays 
from  Q  will  be  parallel ;  and  confequently  F  is  the 
focus  of  thefe  parallel  rays,  and  FA  the  radius  of 
the  glafs.  And  in  all  remote  objeds,  the  rays  are 
nearly  parallel. 

Cor,  5.  Fro'm  thefe  rules  a  man  may  be  fitted  with 
the  moft  proper  fpe Slacks,    tho"  he  lives  at  a  diftance 

from 
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from  the  makers  by  fending  him  the  focal  diJiances.YiZ* 
But  if  glajfes  are  at  hand^  he  may  he  better  fitted  by 
trial  \  taking  notice  to  chufe  thofe  that  are  the  leaft 
convex  or  concave  that  will  fit  him,  nefe  will  pre- 
ve?tt  a  perfon  from  growing  more  long-fighted  or 
Jhort-ftghted^  fcrfome  time. 

Scholium. 

When  gialTes  are  put  into  frames  for  fpedacles, 
thefe  frames  ought  not  to  be  ftreight,  fo  as  both 
eyes  may  lie  in  the  fame  plane ;  but  they  ought  to 
be  fo  bent  in  the  middle,  that  the  axes  of  botji 
glaffes  may  be  directed  to  one  point,  at  fuch  a  dif- 
tance  as  you  generally  look  with  fpedacles.  By 
this  means  the  rays  will  fall  perp.  upon  both  glaffes, 
and  make  the  objed:  appear  diftind:.  But  if  they 
fall  obliquely  upon  the  glaffes,  it  will  caufe  a  cori- 
fufed  appearance  in  the  objeds.  Therefore  the 
fhape  of  the  frame  ought  to  be  as  reprefented  in 
fig.  105,  where  AB  is  the  plan^  where  one  glafs  is  105, 
fixt,  and  CD  the  other. 

Spedacles  are  the  moft  ufeful  optical  machine  in 
the  world.  Few  people  that  grow  into  years,  but 
have  occafion  for  them,  to  help  their  defective  eyes, 
which  without  them  would  be  ufelefs,  in  a  great 
many  occafions  in  life. 

P  R  O  B.      V. 

^0  make  a  concave  fpeculum  HD  of  a  given  thick-  ^^^ 
nefs  BD,  and  whofe  inner  radius  AB  is  given ;  that 
fhall  reflet  parallel  rays  RH,  to  the  fame  focus  F» 
from  both  fwr faces  BH,  DI. 

It  is  plain,  that  the  ray  which  is  refledled  from 

the  hindmoft  furface,  will  bie  twice  refraded.     For 

RH  is  firft  refraded  at  H  to  the  focus/,  and  then 

M  4  refleded 
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Fig.  refleded  at  I  to  the  focus  G,  and  laftly  refraded  at 

106.  L  to  the  focus  F. 

Let  AB  zza,  BD  zi  /,  DG  =  x,  radius  CDrzz  •, 
ni^  n  the  fmes  of  incidence  and  refradion.  Then 
to  find  /,  the  focus  of  the  refraded  ray  HI ;  we 
fhali  have  (by  Cor.  i.  Prop  XIII.  B.  III.)  m-^ni 

m  : :  AB  {a)  :  B/  zz  — — ;  put  q  zz -.  Then 

m — n  m — n 

to  find  the  refleded  ray  IG,.  (by  Prop.  Y.  B.  II.) 

C/  (^^z  4.  /  — .  ;2)  :  CG  (2  —  ^)  :  :  D/  {qa  +  /)   : 
DG  (^).     Whence  qax  -^  tx  —  zx  iz  qaz  —  qax  + 

tz  —  tx  5  and  when  reduced  x  zz  — g^^  -r  _ 

2qa  +  2/  — z 

DG,  and  BG=x-t=  qaz+2tz -igat-m ^ 

2qa  +  2/  —  z 
But  (Prop.  VI.  B.  II.)  BF  zz  ia.  And  fuppofing 
the  refraded  ray  ILF  to  go  back  again,  and  be  re- 
.  fraded  along  LI,  whofe  focus  is  G  y  then  ^Cor.  i. 
Prop.  XL  B.  III.)  mxBF  +  nxAF  imxBF:: 
AB  :  BG.     That  is  j:ma  +  ina  :  -ma  :  :  a:  x  —  /, 

orm+n:m::a:  Ifl+ll^TZ^^i^-Zll^^ ,  and 

2qa  +  2/  —  z 

maxiqa+it- — z  zzm-^nxq^z  +  2/2  — 2qat  —  2U. 
And  putting  s  zi ,  we  fhali  have  qaz  +  2tz 

4-  saz  zz  2  sqaa  +  2sat  +  2qat  +  2//,  and  z  iz 
2sqaa  +  2^at  +  2qat  +  2U^  and  li  m,  and  »  be  3 

qa  -^  sa  ~{-  2/ 
and  2,  then  z  ^9^^+  18^/  +  5/^^ 

Cor.  I .  CD  or  z  zz  a  +  -^  t  —  —  iiery  near  •, 

9  4<^ 

as  will  appear  hy  divijion  ;    and  therefore  if  AD  or 
a   +  t  be  fuhtra^ed^    there  will   remain  AC  zz 

Z./,  nearly. 

9  Cor. 
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Cor.  2.    Hence  alfo  if  z  be  given  and  a  required^  Fig. 
it  may  he  found  by  refolving  the  equation  gaz  +  5/2  106. 
~  gaa  -h  iSat  •]-  ^tt.     Or  if  z  and  a  be  given^  t 
may  he  found  from  the  fame  equation. 

Cor.  3.  Iffuch  a  fpeculum  could  he  exa&ly  ground^ 
it  would  he  better  than  any.  refle^ing  metal^  not  only 
becaufe  it  would  reflet  more  lights  hut  it  would  pre- 
ferve  the  polifh  longer.  But  the  difficulty  of  executing 
them  truly ^  has  prevented  the  ufe  of  them. 

Scholium. 

If  inftead  of  3  and  2,  31  and  20  be  put  for  m 
and  n^  as  being  more  exadl ;  we  fhall  find  2;  or  CD 

=  if£  ^  +  M±ii'  /,  nearly.     And  if  ^  +  /  be 

fubtraded,  then  AC  z:  ifiZlttf^  +  TEIS  U 

q-^-s  q-^-s   \ 

nearly.     According  to  this  computation,  we  fhall  ' 
have  AC  n  .416/,    which  is  not  much  different 

from  the  former,  which  was-i/  or  .444/. 

.9 
The  principal  difficulty  is  to  find  the  vertex  of 

this  refiedlor  after  it  is  made,  or  the  point  where  it 

is  the  thinnefl.     To  do  this,  cover  the  fpeculum 

with  a  paper,  having  a  hole  in  it  of  the  bignefs 

the  fpeculum  is  to  be  when  finifhed,  or  when  put 

into  a  telefcope.  Then  it  mufl  be  placed  at  a  good 

diftance  from  a  candle,  and  the  image  received  on 

a  bit  of  paper  juft  big  enough  to  receive  it.     And 

moving  the  paper  cover  to  all  places  of  the  furface, 

till  you  find  fuch  a  pofition  for  it,  as  makes  the 

image  the  moft  diftind:  poflible,  there  fix  it ;  and 

the  middle  of  the  hole  is  the  vertex.     For  tho'  the 

two  furfaces  be  ground  very  truly  to  their  proper 

radii,    yet  if  the  centers  are  not  in  a  right  line, 

paffing  thro'  the  middle  of  the  refledor,  the  two 

images 
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Fig.  images  cannot  coincide^  and  they  will  confufe  one 

106.  another. -_ 

If  a  concave  refieftor  be  made  after  this  man- 
ner, it  will  burn  bodies  in  its  focus  more  fiercely 
than  any  other  fort  -,  for  both  the  refleded  and  re- 
fracted rays  meeting  there,  confpire  to  make  the 


effed  greater. 
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To  make  a  tekfccpe  with  a  convex  and  a  concave 
^^'^' glafs^  to  Jhew  objects  ere5l\  called^  Galileo'j  Telef- 
cope. 

A  Telefcope  is  an  optical  inftrument  made  by  the 
combination  of  glaffes,  for  feeing  objeds  at  a  great 
diftance.  The  glafs  next  the  objed,  is  called  the 
cbje^  glafs  ;  and  that  next  the  eye,  is  the  eye  glafs. 
The  aperture  is  the  diameter  of  the  hole  through, 
which  the  rays  pafs.  And  by  reafon  of  the  great 
diftance  of  the  objed,  all  rays  of  the  fame  pencil, 
incident  on  the  objed  glafs,  muft  be  efteemed  to 
be  parallel  ;  for  the  eye  can  difcover  no  manner  of 
difference  between  thefe  and  parallel  rays. 

To  make  this  telefcope,  fix  the  convex  lens  AB 

in  the  tube  AEFB,  and  the  concave  lens  CD  in 

the  tube  CGHD,  the  concave  lens  muft  be  of  a 

lefs  focal  diftance  than  AB,  and  the  tube  GD  muft 

be  made  to  Aide  within  the  tube  AF ;    and  the 

k  glaffes  muft  be  fo  placed,  that  the  axes  of  the  tubes 

and  glafTes  may  coincide ;    then  Aiding  the  tube 

GD  within  the  tube  AF,    till  the  diftance  of  the 

.  glafTes  AC  be  equal  to  the  difference  of  their  prin- 

\  cipal  focal  diftances,  or  that  both  their  principal 

foci  may  coincide  in  the  fame  point  P ;  and  then 

the  telefcope  is  fit  for  ufe. 

I  The  telefcope  being  fitted  thus,    dired  it  with 

\  the  axis  RP  ftreight  upon  the  objed,  and  apply 

the 


^^i/icA^. 


YVNm.pa.ij. 
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the  eye  clofe  to  CD,.  an<J,you'll  fee  the  objecl  mag-  Fig. 
nified,  and^red.  ^  loy,,. 

For  fmce  the  rays  proceeding  from  the  objed 
tend  to  the  focus  P  ;  and  before  they  arrive  at  it, 
are  refracted  by  the  concave  CD  ;  therefore  they 
do  not  crofs  one  another  before  they  come  at  the 
eye,  and  confeqiaently  tifc' image  is  ered.  Or  thus, 
fince  the  conjugate  focus  to  P  (in  the  lens  CD^  is 
fomewhere  on  the  other  fide  of  CD,  therefore  if  a 
line  be  drawn  from  Q,  the  lower  part  of  the  image 
at  P  (which  is  there  invertedy,  thro'  the  middle  of 
the  lens  CD,  it  will  come  to  that  conjugate  focus 
above  the  axis,  and  therefore  the  image  is  eredt. 

'The  properties  of  this  telefcope. 

1 .  The  focal  diftance  of  AB  muft  be  greater  than 
that  of  CD  •,  or  elfe  it  will  not  magnify  an  objedt. 
If  AB  be  lefs,  it  will  diminifH  it. 

2.  The  magnifying  power  is  equal  to  the  quo- 
tient arifmg  by  dividing  the  focal  diftance  of  the 
objedl  glafs,  by  the  focal  diftance  of  the  eye  glafs  zz 
AP 

CP.' 

3.  The  rays  of  any  pencil  coming  out  of  the 
glafs  CD  to  the  eye,  are  nearly  parallel.  If  this 
does  not  fuit  all  eyes,  the  tube  GD  muft  be  put 
in,  or  drawn  out  a  little,  till  the  objedt  appears 
diftind. 

4.  The  vifible  area  of  the  objed  is  the  greater, 
the  nearer  the  eye  is  to  the  glafs  ^  and  depends  on 
-the  breadth  of  the  pupil  of  the  eye,  and  of  the 

objefl  glafs.     Therefore  the  view  will  be  fmalL 

5.  In  order  to  fee  more  of  the  objeft,  the  eye 
muft  be  moved  laterally,  or  up  and  down,  the  te- 
lefcope remaining  fixt.  By  this  means  one  may 
fee  fuccefTively  all  the  parts,  that  the  telefcope  can 
take  in  at  once,  and  that  depends  upon  the  breadth 

'  of  the  eye  glafs. 

6.  This 
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Ficr.      6.    This  fort  of  telefcopes  mOft  not  be  made 
•107.  ^ong ;  for  then  the  vifible  area  is  To  little,  that  they 
become  ufelefs. 

For  if  you  fhut  your  eye  fot  a  while  that  the 
pupil  may  dilate,  as  it  will  in  the  dark  •,  and  then 
fuddenly  opening^  it,  and  looking  fteadily  at  an 
objedl  thro'  the  telefcope,  you'll  fee  it  largeft  at 
firft,  and  afterwards  it  gradually  lelTens,  as  the 
pupil  contracts  by  the  light.  Alfo  if  you  cover  the 
objed:  glafs  with  a  paper  with  a  hole  in  it  j  lefs  of 
the  objed  will  appear  than  before ;  and  fo  much 
lefs  as  the  hole  is  lefs.  And  therefore  the  vifible 
area  depends  both  upon  the  breadth  of  the  pupil, 
and  of  the  objed  glafs. 

Alfo  if  a  paper  be  put  over  the  eye  glafs,  hav- 
ing a  fmall  hole  in  it ;  lefs  of  the  objed  will  ap- 
pear, by  moving  to  and  fro,  fideways  -,  than  did 
before,  thro'  the  whole  eye  glafs.  And  if  the  hole 
be  lefs  than  the  pupil,  the  diredview  will  be  lefs. 
In  a  long  telefcope  of  this  fort,  the  vifible  area 
will  be  very  fmall,  by  the  narrownefs  of  the  objed 
glafs.  And  if  the  objed  glafs  be  made  broader, 
the  objed  will  be  coloured,  and  confequenly  con- 
fufed. 

This  telefcope  is  the  fame  as  is  generally  called 
a  common  perfpe^live  glafs. 

P  R  O  B.      VII. 

108.  q'o  make  a  telefcope  with  two  convex  glajfes^  to 
Jhew  obje5fs  inverted  j  called  the  Aftronomical  Te- 
lefcope. 

Let  A,  B  be  two  convex  lenfes,  HC,  DE  two 
tubes  fliding  within  one  another.  Fix  the  lens  A 
with  the  longer  focus,  in  the  wider  tube  HC  ;  and 
the  lens  B  wiJi  the  fborter  focus,  in  the  fmaller 
tube  DE  5  and  let  the  axes  of  the  glaffes  coincide 

with 
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with  the,  axis  of  both  tubes.  Then  Aiding  the  Fig. 
tube  DE,  within  the  other,  till  the  diilance  of  the  108. 
lenfes  be  equal  to  the  fum  of  their  principal  focal 
diftances  ;  or  that  their  principal  foci  may  coincide 
in  the  fame  point  P  -,  and  near  P  there  muft  be  a 
ftop,  with  a  hole  to  circumfcribe  the  in;iage,  and 
to  exclude  all  ftraggling  rays. 

And  then  the  telefcope  is  fit  for  ufing,  which  is 
done  by  direding  it  ftreight  to  the  diftant  objed  •, 
and  then  applying  the  eye  beyond  B,  the  diilance 
of  its  focus ;  the  objed  will  appear  magnified  and 
inverted. 

For  the  rays  from  the  objedl  R,  crofTmg  zt  A^ 
will  form  the  image  at  the  focus  P,  inverted; 
which  viewed  thro'  the  lens  D,  will  therefore  ap- 
pear inverted.  And  P  being  the  principal  focus  of 
B,  the  emerging  rays  will  fail  parallel  upon  the  eye, 
and  caufe  diftind  vifion. 

The  properties  of  this  telefcope, 

1.  The  magnifying  power  is  as  the  ratio  of  the 
focal  diftance  of  the  objed  glafs  A,  to  that  of  the  . 
eye  glafs  B. 

2.  The  rays  emerging  out  of  the  eye  glafs  to  the 
eye,  muft  be  nearly  parallel,  for  a  good  eye.  If 
this  happens  not  to  fuit  any  other  eye  •,  then  the 
tube  DE  muil  be  thruft  in  or  pulled  out,  till  the 
objedt  appears  diftindt. 

3.  The  apparent  magnitude  of  the  obje6t  is  the 
fame  wherever  the  eye  is  placed,  by  Prop.  37. 
B.  3.  But  the  vifibie  area  is  the  greatefl,  when 
the  diftance  BO  of  the  eye  is  nearly  equal  to  BP, 
the  focal  diftance  of  the  eye  glafs.  By  Prob.  III. 

4.  The  objed  in  this  telefcope  is  always  invert- 
ed -,  and  therefore  it  is  only  applied  to  aftronomi- 
cal  ufes,  to  look  at  the  celeftial  bodies.     For  it 
fignifies  little  whether  they  appear  erect  or  invert- 
ed, 
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Fig.  ed,  in  thefe  cafes.     And  they  are  commonly  ufed 

io8,  in  the  night. 

5.  The  vifual  angle  depends  on  the  breadth  of 
the  eye  glafs.  For  it  is  equal  to  the  angle  which 
the  eye  glafs  fubtends  at  the  objeft  glafs. 

P  R  O  B.      VIII. 

109.      To  make  a  tele/cope  with  three  conveys  glajfes  t§ 
Jhew  ohjeSfs  ere5l. 

Combine  the  two  glafles  A,  B,  fo  that  FA  may 
be  the  principal  focal  diftance  of  A  ;  and  FB  twice 
the  principal  focal  diftance  of  B,  and  BP  the  fame  ; 
let  thefe  be  fixt  in  one  tube.  Then  place  the  lens 
C,  in  another  tube  Aiding  within  the  firft,  that  PC 
may  be  its  principal  focal  diftance,  which  may  be 
done  by  Aiding  the  inner  tube  back  or  forward ; 
and  then  the  telefcope  is  finifhed.  The  eye  miift 
be  placed  at  the  diftance  of  2PC  behind  C. 

For  parallel  rays  proceeding  from  the  objedt  R^ 
and  falling  on  the  lens  A/are  refradled  to  the  focus 
F,  and  there  give  the  image  inverted.  And  (Prop. 
XXl.j  F,  P  are  conjugate  foci,  and  (Cor.  Prop. 
XXIII. j  they  are  at  the  leaft  diftance  poflible. 
And  lince  the  image  at  F  is  inverted,  that  at  P 
will  be  ere61;.  And  fince  PC  is  the  focal  diftance 
of  C,  the  rays  falling  on  it,  will  emerge  parallel, 
upon  the  eye ;  which  therefore  will  fee  the  objedl 
eredl. 

This  telefcope  is  of  little  ufe,  by  reafon  it  takes 
in  fo  little  of  the  obje(5b  ♦,  and  makes  the  vifibk 
area  fo  fmalh 

Scholium. 

A  telefcope  may  be  made  with  two  convex 
glaffes  to  fee  objedls  ered.  And  that  is  by  com- 
bining the  two  lenfes  A,  B,  as  before,  which  will 
give  the  image  at  P  ered,  which  image  may  be 

feeu 
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feen  by  an  eye  placed  fix  or  eight  inches  behind  it.  Fig. 
This  telefcope  is  the  fame  as  the  former,  when  the  i09» 
glafs  C  is  taken  away  -,  but  it  takes  not  in  fo  much 
of  the  object  as  the  other,  and  therefore  is  of  no 
ufe  for  telefcopes. 

A  telefcope  may  alio  be  made  with  two  convex 
lenfes,  and  a  concave,  which  will  fhew  objedts  in- 
verted.     Here  the  concave  is  the  middlemoft,  be- 
ing put  inftead  of  B.     And  they  are  placed  thus, 
the  foci  of  A  and  B  mull  not  coincide  as  in  Prob. 
V ',  but  they  mull  be  a  little  further  afunder,  the 
focus  of  B  being  further  from  A  than  its  focus  is  j 
and  fo  far,  that  the  conjugate  focus  (of  B)  may  be 
at  P  *,  then  if  the  eye  glafs  C  be  placed,  that  its 
focus  may  be  at  P,  then  looking  thro'  the  telefcope 
the  objedl  will  appear  diftind,  and  iriverted.    This 
telefcope,  has  full  as  great  magnifying  power  as 
any  refra<5ling  telefcope ;    but  becaufe  the  objed: 
is  inverted,  it  is  not  ufed.     The  conilrudion  of 
this  telefcope  is  the  fame  as  the  folar  telefcope  in 
Prob.  XIII.  following,  fig.  114,  having  a  concave 
eye  glafs  L.     For  if  z  be  its  focus,  and  b  the  focus 
of  AB  •,  and  b^    K  conjugate  fbci  bif  L.     Then 
K  is  the  focus  of  a  convex  eye  glafs  for  this  te- 
lefcope. 

PRO  B.     IX. 

To  make  a  telefcope  with  four  convex  glaffes  tofhem 
$hje5is  ere5l. 

Fix  the  lens  A  of  a  great  focal  diftance  in  a  no. 
wide  tube,  and  ^yi  the  three  fmall  lenfes  or  eye 
glafies  B,  C,  D  in  another  tube,  to  Aide  within 
the  former.  The  lenfes  B,  C,  D,  muft  be  all  of 
one  focal  diftance,  and  muft  be  placed  equidiftant 
in  the  tube,  fo  that  BC,  and  CD,  may  be  twice 
the  focal  diftance.  Then  if  CP  zi  PD,  P  will  be 
the  principal  focus  of  C  and  D.     A  ftop  muft  be 

placed 
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Fig.  placed  at  P  or  F,    to  flop  the  flraggling   rays. 

110.  Then  Aide  the  tube  with  the  three  eye  glafies,  with-  * 
in  the  other,  till  the  foci  of  A  and  B  coincide  in 
F.  Then  the  telefcope  is  made,  then  directing  it 
to  the  objed  R,  and  placing  the  eye  in  the  other 
principal  focus  of  D  ;  and  the  object  will  appear 
to  it  magnified  and  eredt. 

For  parallel  rays  coming  from  the  far  diftant 
object  R,  will  be  refracled  by  the  objeft  glafs  A 
to  its  focus  F,  and  there  make  the  image  inverted.. 
Then  fince  F  is  the  principal  focus  of  B,  the  rays 
diverging  from  the  image  at  F,  and  falling  on  the 
lens  B  will  emerge  parallel,  and  fall  parallel  on 
the  glafs  C,  and  therefore  will  be  refraded  by  it, 
to  jts  principal  focus  P,  and  there  form  the  image 
ered.  Then  the  rays  flowing  from  P  the  princi- 
pal focus  of  D,  will  emerge  a  third  time  parallel, 
in  falling  on  the  eye ;  which  (by  Prob.  III.)  mufh  . 
be  placed  at  the  principal  focus  ;  and  then  the  eye 
will  diftindlly  fee  the  image  P  of  the  objed  R, 
ered  and  magnified.  Here  then  the  firft  image  is 
at  F  inverted,  and  the  fecond  at  P  ered,  from 
whence  rays  fiow  to  the  eye. 

If  BC  be  lefs  than  twice  the  focal  diftance  of 
B  or  C,  then  fome  of  the  rays  will  mifs  the  eye 
glafs  D.  And  if  BC  be  greater  than  twice  the 
focal  diftance,  fome  of  the  rays  will  mifs  the  glafs 

C.  And  in  either  cafe  the  profped  will  be  dimi- 
nilhed. 

This  telefcope  with  four  glafifes  is  in  effed  two 
telefcopes,  of  two  glafifes  each,  as  in  Prob.  VII. 
The  firft  telefcope  is  AB,  v/here  the  rays  emerge 
parallel  from  B.     The  fecond  is  CD,  where  the  { 
rays  fall  parallel  on  C,  and  emerge  parallel  from  ' 

D.  And  fince  C  and  D  are  equal,  they  magnify 
nothing,  and  therefore  the  image  at  P  is  equal  to 
the  image  at  F.  All  that  the  glaffes  C,  and  D 
do,  is  to  invert  the  image  at  F,  or  make  the  image 

of 
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of  R  ered.     This  i«  the  common  telefcope  ufed  in  Fig, 
the  day  time  to  look  at  diftant  obje6ls.  no. 

If  a  flop  be  placed  at  P,  with  a  hole  to  contain 
the  image ;  it  will  cut  off  the  reft  of  the  rays 
which  come  irregularly,  and  would  difturb  the  dif- 
tindtnefs  of  the  image  ;  and  will  take  away  the  co- 
lours which  arife  by  the  different  refrangibility  of 
the  rays,  which  would  make  the  image  confufed. 
But  the  image  will  no  more  be  coloured  by  four 
glafles  than  by  two  ;  for  the  glafs  C  correds  and 
takes  away  the  colours  which  the  glafs  B  produced. 

The  properties  of  this  telefcspe. 

1.  The  magnifying  power,  is  in  the  proportion 
of  the  focal  diftance  of  the  object  glafs,  to  the  fo- 
cal diftance  of  the  eye  glafs.  This  will  be  lliewn 
afterwards. 

2.  It  fhews  the  objed  ere(51:,  but  not  fo  bright  as 
in  the  telefcope  with  two  convex  lenfes,  becaufe  the 
other  two  reflefb  a  deal  of  the  light  which  is  loft. 
In  other  refpeds  it  has  the  fame  properties  as  the 
other  telefcope. 

3.  The  vifible  area  depends  on  the  breadth  of 
the  eye  glafs,  for  as  the  eye  glafs  is  bigger  or  lef- 
fer,  the  angle  it  fubtends  at  A  is  greater  or  lef- 
ler,  or  its  oppofite  angle,  which  is  the  angle  the 
part  of  the  objed  fubtends  at  A,  which  determines 
the  vifible  area.  And  this  telefcope  takes  in  more 
than  that  in  Prop,  VI,  with  a  concave  eye  glafs. 

4.  The  brightnefs  of  an  objedl  feen  thro'  a  gi- 
ven telefcope  is  fo  much  the  greater  as  the  aper- 
ture of  the  objed  glafs  is  greater.  For  fuppofe  the 
objedl  glafs  ccvefed  with  paper,  with  a  fmall  hole 
in  the  middle ;  the  magnitude  of  the  image  in  the 
focus  will  not  be  altered,  nor  confequently  that 
upon  the  retina  of  the  eye.  But  the  hole  in  the- 
paper  being' fmailer  tha.p  the  objed  glafs,  fewer 
rays  of  every  pencil  will  com.e  to  the  focus,  and 
the  image  will  be  more  faint. 

N  •     ^.  It 
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Fio-.  5.  If  the  aperture  and  focal  diilance  of  the  ob- 
iio/}^^  glafs  remains  the  fame-,  an  objedt  appears 
brighter  or  fainter,  according  to  the  greater  or 
lelTer  focal  diftance  of  the  eye  glafs  ;  that  is  ac- 
cording to  the  lefler  or  greater  magnifying  pov/er. 
•  For  the  fame  quantity  of  light  fpread  over  a  fmal- 
ler  or  greater  image,  makes  it  brighter  or  duller. 

6.  It  is  found  by  expedience,  that  an  objedt 
glafs  of  ^^  feet  focal  diftance  will  bear  an  aper- 
ture of  4  inches,  and  an  eye  glafs,  whofe  focal  dif- 
tance is  4.4  inches.  And  for  other  obje6t  glafTes, 
the  apertures  thereof,  and  the  focal  diftances  of  the 
eye  glaffes,  muft  be  as  the  fquare  roots  of  the  focal 
diftances  of  the  object  glades.  But  to  view  objeds 
by  day  light,  requires  eye  glafTes  whofe  focal  dif- 
tances are  longer  ;  and  by  night  ihorter. 

Scholium. 
It  may  be  thought,  that  in  a  telefcope  of  any 
length,  an  objedl  may  be  magnified  in  any  propor- 
tion, by  making  the  focal  diftances  of  the  objedb 
glafs  and  eye  glafs  in  that  ratio.  But  there  are  two 
caufes  which  prevent  this.  i.  Whilft  the  cbje6l 
glafs  remains  the  fame,  the  more  the  objed  is  to 
be  miagniiied,  the  more  convex  the  eye  glafs  muft 
be,  and  then  the  more  oblcure  and  dark  the  objedt 
will  appear.  2.  By  this  means  the  objedt  will  be 
reprefented  the  more  confufedly ;  and  if  one  atr 
tempts  to  remedy  this  by  increafing  the  aperture, 
the  ccnfufion  will  be  miore  increafed,  and  the  ob- 
jeds will  at  iaft  appear  coloured.  So  that  increaf- 
ing the,  aperture  of  the  objedt  glafs,  makes  the- 
objed  appear  brighter,  but  at  the  fame  time  it  is' 
confufed  and  indiftind. 

Since  the  pwpil  dilates  itfelf  very  m.uch  in  the- 
dark,  therefore  there  is  not  occafion  for  fo  much 
light  in  looking  at  the  moon  or  ftars. 

There 
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There  are  telefcopes  made  with  five  or  fix  or  more  Fig. 
glaffes,  which  by  refrafting  the  rays  gradually  to  a  no. 
focus,  will  bear  a  larger  aperture;  but  then  the 
object  is  more  faint,  by  the  lofs  of  fo  rriany  rays, 
by  the  refledion  from  fo  many  glaifes. 

Sometimes  the  eye  glafs  D  is  of  a  different  focus 
from  B  and  C.  But  the  diflance  BC  mull  fcili  be 
the  fum  of  the  focal  diftances  of  C  and  D.  Thus 
fhorter  eye  glaffes  are  ufed  in  the  night,  to  increafe 
the  brightnefs  of  the  objed. 

P  R  O  B.      X, 

"To  find,  the  magnifying  power  of  a  telefcope. 

Let  the  far  diftant  objed  appear  from  A  under  1 1 1, 
the  angle  RAS,  or  its  oppofite  GAF,  drawn  thro'  112. 
the  center  of  the  objedl  glafs  A.  And  let  B  be 
eye  glafs,  FG  the  image  in  the  focus  of  the  glafles 
A  and  B.  Then  thro"  the  extremes  F,  G,  of  the 
image,  draw  the  lines  FBL,  GBN,  thro'  the  cen- 
ter of  the  lens  B,  and  BL,  BN  w^iil  be  the  refrac- 
ted rays  (hy  Prop.  XVII.  B.  III.)  Then  the  object 
is  feen  thro'  the  telefcope  under  the  angle  LBN  or 
FBG,  and  it  is  feen  from  A  or  from  B  under  the 
angle  RAS  or  GAF.  Therefore  the  apparent  an- 
gle thro'  the  telefcope,  is  to  the  apparent  angle  to 
the  naked  eye  ;  as  angle  GBF,  to  the  angle  GAF  j 
that  is  as  AF  to  BF ;  'Mat  is,  as  the  focal  diftance 
of  the  objed  glafs,  is  to  the  focal  diflance  of  the 
eye  glafs.  And  if  there  be  four  convex  glaHes  ; 
if  the  glaffes  B,  C,  D,  are  all  equal  (fig.  no), 
the  image  at  P  is  equal  to  the  image  at  F,  and  the 
magnifying  power  continues  the  fame  as  before. 
But  if  they  be  different  glaffes,  the  image  at  F 
will  be  to  the  image  at  P,  as  the  focal  diftance  of 
B,  to  the  focal  diflance  of  D.  So  that  at  lafl,  the 
apparent  angle  thro'  the  telefcope,  v/ill  be  to  the 
N  2  apparent 
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Fig.  apparent  angle  to  the  naked  eye ;  as  the  focal  dif- 
iii.tance  of  the  objed  glafs,  to  the  focal  diftance  of 
1 1 2.  the  laft   eye  glafs.      See  alfo  the  Corollaries  of 
Prob.  II. 

Cor.  I.  ^he  magnifying  power  hy  a  ref racing  te- 
lefcope^  is  equal  to  the  focal  diftance  of  the  obje^i  glafs 
divided  hy  the  focal  dijlance  of  the  eye  glafs, 

ill.  Cor.  2.  In  a  telefcope  with  convene glaffes ;  the  vi- 
fual  angle  or  linear  view^  is  as  the  diameter  of  the 
ey,e  glafs^  divided  by  the  focal  difiance  of  the  object 
glafs.  And  the  vijible  area  as  thefquare  of  that  quan- 
tity. 

This  depends  upon  the  breadth  of  the  eye  glafs, 
therefore  drawing  AD  to  the  edge  of  it,  BAD  will 
be  half  R AS  or  half  the  vifual  angle;    and  that 

BD 

angle  BAD  or  its  double  is  as  ;  and  the  vifible 

BD* 

area  as .     In  the   telefcope  with   a    concave 

BA^  ^ 

glafs  (fig.  112.)  it  depends  on  the  breadth  of  the 

pupil. 

Cor.  3 ,  As  the  difiance  between  the  obje5l  glafs  and 
eye  glafs^  to  the  breadth  of  the  eye  glafs  \  fo  is  radius^ 
to  the  tangent  of  the  a^igle  which  the  telefcope  takes 
in. 

For  all  the  telefcope  can  take  in,  is  contained  , 
between  two  lines  drawn  from  the  edges  of  the 
.    eye  glafc,  throu^  the  center  of  the  objedt  glafs. 
The  contained  ^^le  is  what  the  telefcope  can 
take  in. 


PROB. 
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Fig, 
P  R  O  P.      XI. 

To  find  the  degree  of  indiftin^nefs^  or  confufed  ap^ 
fearance  of  an  objeui^  feen  thri  a  telefcope, 

* 

Since  no  lens  can  be  made  fo  perfefl,  as  to  re- 
frad  all  the  rays  ifiuing  from  one  point  of  an  ob- 
je(5l,  to  a  fmgle  point  in  the  pidure,  but  there  will 
always  be  a  deviation  or  aberration  more  or  lefs, 
according  as  the  lens  is  broader  or  narrower.  And 
by  reafon  of  this  aberration,  the  rays  proceeding 
from  one  point  will  be  fpread  over  a  certain  fpace 
of  the  image,  and  caufe  that  confulion  or  indiilindt- 
nefs  obferved  in  telefcopes  ;  which  fpace  is  the  cir^ 
cle  of  aberration  in' the  focus  of  the  objedl  glafs. 
And  this  confufion  will  be  fo  much  the  greater,  as 
that  circle  is  larger,  becaufe  there  are  fo  many 
more  different  points  of  that  fpace,  which  repre- 
fent  but  one  point  of  the  obje6t ;  and  therefore 
that  confufion  or  indiftindlnefs  is,  ceteris  paribus^ 
as  the  circle  of  aberration  in  the  focus  of  the  ob- 
jed  glafs ;  that  is,  by  (Cor.  5.  Prop.  XLI.  B.  III.) 
as  the  area  of  the  objed  glafs. 

Now  the  confufion  of  the  im.age  in  the  bottom 
of  the  eye  (which  is  that  we  feek)  is  as  the  appa- 
rent magnitude  of  this  circle  of  aberrations.  And 
the  apparent  diameter  of  aberration  feen  thro'  the 
eye  glafs,  is  as  the  angle  made  by  the  extreme 
rays  in  falling  upon  the  eye,  or  (which  is  equal  to 
it,  by  Cor.  2.  Prop.  XVII.  B.  III.)  as  the  angle 
fubtended  by  that  diameter  at  the  center  of  the 
eye  glafs,  that  is,  as  the  diameter  itfelf  diredly, 
and  the  focal  diftance  of  the  eye  glafs  reciprocally. 
Therefore  the  apparent  magnitude  of  the  circle  of 
aberrations,  is  as  the  fquare  of  that  diameter  di- 
redlly,  and  the  fquare  of  the  focal  diftance  of  the  - 
eye  glafs  reciprocally  -,  or  as  the  fquare  of  the  aper- 

N  3  ture  ' 
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Fig.  ture  of  the  objed  glafs  dlredlly,  and  the  fquare  of 
the  focal  diftance  of  the  eye  glafs  reciprocally. 
And  therefore  the  confufion  or  indiftindlnefs  is  in 
that  ratio. 

Cor.  I .  The  indiftin^nefs  of  an  chje5l  feen  thro*  a 
refracting  iekfcope^  is  as  the  fquare  of  the  aperture  of 
the  cbjeCl  glafs^  divided  by  the  fquare  of  the  focal  dif- 
tance of  the  eye  ghfs. 

Cor.  2 .  An  oljeB  appears  equally  diflinB  in  fever al 
refraEiing  telefcopes^  when  the  diameters  of  the  aper- 
tures of  the  ohjeP.  glo.ffes^  are  in  a  given  ratio  to  the 
focal  diftanccs  of  the  eye  gla[fes. 

PROS.      XII. 

To  find  the  apparent  brightnefs  of  an  objeEly  feen 
thro*  a  refracting  telefcope. 

If  the  area  of  the  image  upon  the  retina  be  the 
fame,  the  brightnefs  will  be  as  the  quantity  of  light 
upon  it,  that  is,  as  the  area  of  the  aperture  of  the 
obje61:  glafs.  And  if  the  aperture  or  quantity  of 
light  be  the  fame,  the  brightnefs  will  be  recipro- 
cally as  the  area  of  the  image,  that  is,  reciprocally 
as  the  fquare  of  the  magnifying  power.  And 
therefore  in  general  the  brightnefs  is  as  the  area  of 
the  objedl  glafs  diredly,  and  the  fquare  of  the  mag- 
nifying power  reciprocally. 

Otherwife  thus, 

1^3'  Let  two  pencils  of  rays  falling  on  the  objeft 
glafs  CD,  be  refradled  to  the  foci  F,  /-,  and  pafs 
thro'  the  eye  glafs  M ;  and  be  refradted  in  the 
diredions  BL,  ^b\.  Let  BL  zz  FB,  then  L  is  the 
place  of  the  eye,  being  the  place  where  the  feve- 

ral 
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ral  pencils  (each  confifling  of.  parallel  rays)  con-  Fig. 
verge  to,  and  interfed,  after  refradion  at  B^.         113. 

Let  m  zz  magnifying  power,  p  zz  diameter  ot 
the  pupil.  Then  by  fimilar  triangles,  AF  :  FB  : : 
CD  :  B^  or  LI  the  breadth  of  any  pencil  of  rays 
at  B,  or  at  L  where  the  eye  is ;  becaufe  beyond. 
B,  the  rays  of  each  pencil  are  parallel.  Therefore 

u    u      J  I,  T  T         FBxCD  CD 

the  breadth  LI  — ir 

AF  m 

Let  the  degree  of  common  light  be  zz  i,  the 

area  of  the  pidure  in  the  naked  eye  —  a^  then  thro' 

the  telefcope  it  will  be  ~  mma.     Then  fmce  the 

brightnefs  is  as  the  area  of  the  aperture  divided  by^ 

the  area  of  the  pidure,  the  brightnefs  of  the  object 

by  the  naked  eye  will  be  LJSIl  ♦,  and  by  the  telef- 

a 

CD* 

cope, Therefore  common  light  :  to  telefco^ 

mma 

pic  light  :  :  ^  :  HI' : :  I  :  £P1.     And  fmce  the 

a      mma  mmpp 

common  light  is  i,    the  telefcopic  light  will  be 
CD^ 

mmpp 
Now  fuppofe  LI  to  be  juft  equal  to j).     Then:. 

pp  zz  ,  and  in  this  cafe  the  telefcopic  light  be- 

mm 
comes  I,  and  is  therefore  equal  to  common  light. 

But  diminiihing  CD,  LI  is  alfo  diminilhed,  and 
therefore  in  this  cafe,  lefs  light  enters  the  pupil  ^ 
and  therefore  in  all  cafes  where  LI  is  lefs  than  /,, 

CD^ 

the  brightnefs  zz 

mmpp 

But  if  CD   be   increafed   never  fo  much,    the 

brightnefs  is  not  increafed  at  all  by  the  fide  rays,, 

becaufe  they  will  ail  mifs  the  pupil.     For  as  CD 

increafes  in  breadth,  B^  and  LI  alfp  increafe  in 

breadth,  and  will  therefore,  in  this  cafe,  be  bigger 

N  4  than 
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Fia.  than  the  pupil.  And  hence  the  denfity  of  the  light 
II  2.  is  the  fame  as  before.  For  there  is  a  greater  quan- 
tity of  light  on  a  greater  fpace  CD,  or  on  a  great- 
er fpace  Bi?  or  LI ;  and  the  quantity  of  light  being 
as  the  fpace,  the  denfity  is  not  increafed. 

By  fome  experiments,  I  have  found  i  part  of  the 
light  loft  in  paffing  thro'  two  glaffes  ;  and  near  4? 
in  paiFmg  thro'  four,  and  more  Hill  in  pafling  thro' 
five  or  fix.  This  happens  by  the  reflexion  of  the 
two  furfaces  of  every  lens,  which  refiedl  a  part  of 
the  light,  that  is  loft  -,  and  fo  much  is  the  bright- 
nefs  decreafed. 

Therefore  in  general  the  brightnefs  is  increafed, 
by  increafing  the  objeft  glafs,  till  LI  becomes 
equal  to  the  breadth  of  the  pupil  -,  but  no  longer. 

Cor.  I.  If  an  chje^  is  feen  thro"  a  refra5!ing  telef^ 
cope^  and  the  rays  do  not  fill  the  pupil  -,  its  apparent 
brightnefs  is  as  the  fqiiare  of  the  aperture  of  the  ob- 
jeti  glafsy  multiplied  by  the  fquare  of  the  focal  difiance 
of  the  eye  glafs  ^  and  divided  by  the  fquare  of  the  focal 
difiance  cf  the  chjcol  glafs. 

This  follows  from  the  firft  method.     For  the 

AF 
magnifying  power  is  as  1~^  ;    and   therefore   the 

AF* 

brightnefs  is  as  CD*,     divided  by  ^-,  or   as 


Or  by  the  fecond  method,  the  bright- 


CD'xBF* 

AF^ 

CD* 

nefs  is  as ,  p  being  givea. 

wimpp 

Cor.  2.  According  to  this  \  an  ohje5l  appears  equaU 
ly  bright y  thro"  fcveiral  telefcopes^  when  the  apertures 
are  as  the  magnifying  powers. 

Cor.  3.  ^he  fame  thing  fuppofed  \  in  different  te- 
lefcopeSj  an  obje5i  will  off  ear  equally  bright  and  dif- 

tintl^ 
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tin5f^  when  the  apertures  (of  the  oljeSl  glajfes)^  and  Fig. 
focal  difiances  of  the  eye  glaffes^  are  each  of  them  as  113. 
the  fquare  roots   of  the  focal  difiances  of  the  ohje5i 
glafjes.     And  then  the  magnifying  powers  will  alfo  h^ 
as  the  fquare  roots  of  the  focal  difiances  of  the  ohje5i 
glaffes. 

For  put  F,  /  for  the  focal  diftances  of  the  ob- 
jed  glafs  and  eye  glafs ;  and  that  the  brightnefs 
and  diftin6lnefs  may  be  in  the  fame  ratio,  (by  Cor. 
2.  of  the  laft  Prop,  and  Cor.  2.  of  this),  we  fliall 

have  the  aperture   OC  /   OC  — ,  whence  F  0Cj5^, 

and/  OC  \/F,  confequently  the  aperture   OC^/F. 

And  laftly,  the  magnifying  p#wer  oC  iz.  OC  j 

or  as  /,  that  is  as  y/F. 

Cor.  4.  In  fimilar  telefcopes  \  the  diftin5fnefs^  vi' 
fual  angle  and  magnifying  power  are  the  fame ;  and 
the  brightnefs  as  the  fquare  of  the  length. 

For  let  D  be  the  diameter  of  the  aperture ;  F,  / 
the  focal  diftances  of  the  objedl  glafs  and  eye  glafs  ; 

then  the  diftindnefs  is  --,  which  is  a  given  ratio. 

F 

And  the  magnifying  power  is  — ,   which  is  alfo  a 

given  ratio.     And  the  vifual  angle  is  as  the  diame- 
ter of  the  «ye  glafs  divided  by  F,  which  is  a  given 

CD*       DD  ■ 

ratio.  And  laftly,  the  brightnefs  is  as or , 

mm         mm 

and  m  or  the  magnifying  power  is  given ;  and  the 

aperture  CD  is  as  the  length  of  the  telefcope. 

Cor.  5.  Hence ^  no  telefcope  can  fhew  an  ohje5l  fo 
bright  as  it  is  to  the  naked  eye.  The  neareft  it  can 
approach  to  it  is  4-  the  light  for  two  glafjes^  and  -for 
four  glajfes. 

For 
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pi^^      For  when  all  the  rays  enter  the  eye,  the  telefco- 
j  J  ^^  pic  light,  or  what  pafTes  thro'  the  telefcope  into 

the  eye,    is  { — --   zz  j    i,    or  the  fame  as  com- 


mon 


lisht. 


Of  which 


or  f  is  to  be  deduced  for 


xefieded  rays,  which  are  loft. 

Cor.  6.  According  to  what  has  been  delivered  he- 
fore  (after  Prob.  IX.  and  in  Cor.  ^  of  this) ^  the  focal 
diftances  and  apertures  mufi  be  made  according  to  the 
following  table. 


foe.      aper. 

foe. 

mas;. 

foe.  1 

aper. 

foe. 

mag. 

obj . 

obj. 

eye 

pow- 

obj. 

obj. 

eye 

pow- 

glafs 

feet 

glafs 

glafs 

er 

glafs 

feet 

dafs 

0 

glafs 

er 

inch 

inch 

inch 

inch 

I 

.54 

.60 

20 

35 

3.20 

3-52 

119 

2 

.76 

.83 

28 

40 

341 

3-75 

128 

3 

.94 

1.03 

34 

45 

3.62 

3^9^ 

^35 

4 

1.08 

1. 19 

40 

50 

3.82 

4.20 

H3 

5 

1.22 

1.34 

44 

55 
60 

4.00 

4.40 

150 

6 

1.32 

1.45 

49 

4.1S 

4.60 

iS6 

7 

1-43 

1.57 

52 

70 

4-52 

4.97 

it^ 

8 

^'53 

1.68 

56 

80 

4-83 

5-31 

181 

9 

1,62 

1.78 

60 

90 

5-^3 

5.64 

192 

lO 

13 

1.71 

1.88 

64 
73 

100 

120 

i 

5.40 
5-9^ 

5-94 

202 

^'95 

2.14 

6.50 

222 

15 

.  2.09 

2.30 

7« 

140 

639 

7-03 

239 

20 

2.42 

2.66 

90 

;l60 

6.83 

7'5i 

^55 

25 

2.70 

2.97 

lOI 

;i8o 

7-^5 

7-97 

271 

30 

2.96 

3.25  Ij  10 

200 

1  7.64 

8.40 

216 

Scholium. 

It  follows  from  Cor.  3,  that  if  a  parabola  be  de- 
fcribed,  and  in  the  axis  thereof,  taking  the  abfcifia's 
equal  to  the  focal  diftances  of  the  obje6t  glalTes  ; 
then  the  correfpondent  ordinates  will  be  proporti- 
onal 
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onal  to  the  apertures,  or  the  focal  diftances  of  the  Fig.^ 
eye  glaiTes,  or  the  magnifying  powers.  For  thefe  113, 
are  as  the  fquare  roots  of  the  abfcifBe,  that  is,  as 
the  iquare  roots  of  the  focal  diftances  of  the  objedl 
glafies.  And  inftead  of  the  focal  diftances  ot  the 
object  glaiTes,  one  may  fubftitute  the  length  of  the 
telefcope,  without  fenfible  error. 

In  the  inveftigarion  of  the  foregoing  Problems,, 
the  indiftin6lnefs  arifing  from  the  aberrations  cauf- 
ed  by  the  eye  glaiTes  are  fet  afide  as  being  inconfi- 
derable.  For  in  fo  ftiort  a  diftance  as  from  the 
eye  glafs  to  the  eye,  the  heterogeneous  rays  can- 
not ieparate  fo  as  to  become  fenfible,  and  therefore 
the  errors  may  be  lookt  upon  as  nothing.  And  the 
refractions  at  fo  fmall  a  diftance  will  be  fufficiently 
true  and  regular. 

To  try  the  goodnefs  of  an  objeft  glafs ;  proceed 
according  to  the  fecond  method  laid  down  in  Prop. 
XVI.  B.  III.  And  if  all  the  holes  unite  in  one, 
the  glafs  is  good,  otherwife  not.  But  there  is  no 
better  way  for  trying  the  goodnefs  of  an  obje6t  glafs 
than  putting  it  in  a  tube,  and  trying  it  with  feveral 
fmall  eye  glaffcs,  by  looking  at  feveral  diftant 
objects,  and  particularly  at  the  title  page  of  a  book. 
For  that  glafs  which  reprefents  objects  the  moft 
bright  and  diftindt,  and  bears  the  greateft  aperture, 
and  the  ftiorteft  eye  glafs,  without  colouring  or 
dim.nefs,  is  the  beft  glafs. 

if  feveral  telefcopes  of  the  fame  length  be  com- 
pared together,  thefe  are  the  beft,  with  which  you 
can  read  the  fame  print,  at  the  greateft  diftance. 
And  this  may  be  a  rule  for  thofe  that  buy  telef- 
copes, by  which  they  m.ay  know  how  to  chufe  the 
beft. 

There  are  four  principal  things  in  a  telefcope  to 
be  confidered.  i.  Magnifying  power.  2.  Dif- 
tindtnefs.  3.  Brightnefs.  4.  The  vifible  angle, 
or  linear  view  it  takes  in.      And   all  thefe  have 

been 
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Fig.  been  determined  in  the  foregoing  Problems,  for 
refrading  telefcopes. 

P  R  O  B.     JUL 

^0  make  a  folar  telefcope ;  or  to  Jit  up  a  tele/cope^ . 
for  obferving  ecUpfes^  fpots  of  the  fun^  &c, 

XI4-  This  is  no  more  than  a  common  refrading  telef- 
cope with  two  glaffes,  where  the  eye  glafs  may  be 
either  convex  or  concave.  Thro'  this  telefcope 
the  fun's  image  is  projeded  on  a  plane  furface,  or 
on  the  oppofite  wall  of  a  dark  room,  and  magni- 
fied. If  a  telefcope  be  ufed  for  this,  as  it  is  fitted 
up  for  looking  at  diftant  obje6ts,  the  fun*s  image 
will  be  projected  at  an  infinite  diflance,  becaufe  the 
rays  emerge  parallel  out  of  the  eye  glafs.  There- 
fore to  have  his  image,  at  any  given  diftance,  the 
glaffes  muft  he  placed  after  this  manner. 

Let  ABCD  be  a  tube  in  which  is  the  objedl  glafs 
G,  and  its  focus  H.  ECDF  another  tube  Aiding 
within  the  former,  in  which  is  the  eye  glafs  L, 
whofe  focus  is  I.  Let  K  be  the  place  where  the 
fun's  image  is  to  fall,  upon  the  plane  MN.  Now 
whether  the  glafs  L  be  convex  or  concave,  it  muft 
be  placed  further  from  G,  than  in  the  common 
telefcope,  by  the  diftance  HI.  And  H,  K  muft 
be  the  conjugate  foci  of  the  glafs  L,  which  is  done 
by  making  HI,  HL,  HK  in  continual  propor- 
tion. Or  if  L  be  a  concave,  h  the  focus  of  G,  i 
the  focus  of  L,  then  />/*,  /?L,  bK  muft  be  in  con- 
tinual proportion.  Then  if  the  telefcope  AD  be 
put  thro'  a  hole  in  the  window  (hut  of  a  dark  room, 
and  diredled  to  the  fun,  you'll  have  his  image  at 
K,  upon  the  plane  iMN.  Or  if  the  plane  MN  be 
fixt,  then  Aide  the  tube  CF,  back  and  forward, 
within  the  tube  FA,  till  you  find  the  image  dif- 
tind  at  K,  upon  that  plane. 

JpOP 


B.  IV.        INSTRUMENTS.  189 

For  if  H  be  the  focus  of  the  lens  AB,  the  fun's  Fig. 
image  will  be  at  H  inverted.    And  as  H,  K,  arc  114. 
conjugate  foci ;  the   image  of  K  or  the  fecond  i- 
mage  of  the  fun  will  be  at  K  erecl.     But  in  the 
concave  lens  CD,  the  firft  image  would  be  at  h^ 
and  the  fecond  at  K  inverted. 

Cor.  I .  ^0  find  the  diameter  of  the  image  MN  ;  it 
will  ^e  as  HL  :  LK  :  :  as  the  diameter  of  the  image 
at  H  :  to  MN  the  diameter  of  the  image  at  K. 

For  the  fun  and  the  image  at  H,  fubtend  equal 
angles  at  the  center  of  the  lens  G  (by  Prop.  XXXI, 
of  B.  III.)  ;  and  likewife  the  image  at  H  and  the 
image  at  K,  fubtend  equal  angles  at  the  lens  L ; 
whence  the  foregoing  proportion. 

Cor.  2.  ^he  larger  the  image  MN  is  made^  the 
fainter  it  will  he. 

For  if  .it  be  as  big  as  the  object  glafs  G,  it  will 
be  as  bright  as  if  the  fun  fhined  upon  it.  And  there- 
fore if  it  be  bigger,  its  brightnefs  will  be  recipro- 
cally as  the  area. 

Cor.  3.  After  this  manner  may  he  viewed  the  fun's 
face^  his  fpots^  his  eclipfes^  the  tranfits  of  the  planets^ 
clouds  •,  likewife  the  moon's  face^  &c.  And  this  telef^ 
€ope  is  ufed  hy  aftronomers  for  this  purpofe, 

P  R  O  B.      XIV. 

To  fit  up  a  telefcope  for  taking  fmall  angles^  hy  i  |x; 
placing  crofs  hairs  in  the  focus  of  the  eye  glafs.  ' 

Take  a  brafs  plate  AB,  in  which  make  a  round 
hole,  whofe  diameter  is  fomething  lefs  than  that  of 
the  eye  glafs  -,  this  being  placed  in  the  focus  P  of 
the  eye  glafs  (fig.  108,  no.),  ferves  for  a  (lop  to 
cut  off  the  fuperlluous  rays  j  and  in  this  the  hairs 
are  to  be  fixt,  or  rather  feveral  pieces  of  fmall  filver 
wire.     In  this  plate  is  fixt  ths  fmall  wire  pq^  going 

thro' 
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Fig.  thro'  the  center  C  of  the  circular  hole ;  and  per- 
iir.  pendicular  to  it  is  fixt  the  hair  rs^  near  the  fide  of 
the  hole.  There  is  a  flider  BDE,  in  which  is  fixe 
the  hair  or  wire  tv^  parallel  to  rj,  fo  that  when  the 
flider  is  thrufl  up  clofe  to  the  fide  EB,  the  hair  tv 
may  coincide  with  rs  •,  and  when  it  is  drawn  out 
to  the  extent,  the  hair  may  be  near  the  other  fide 
of  the  hole,  at  EB.  Then  the  fpace  BF  is  di- 
vided into  10  or  loo  partis,  which  is  the  utmoil  ex- 
tent between  the  hairs  rj  and  tv.  Then  the  plate 
ADE  mufl  be  fixt  exadly  in  the  plane  of  the  image 
made  at  P  (fig.  loS,  no,)  which  may  eafily  be 
done  after  a  few  trials ;  for  when  it  is  right,  the 
hairs  will  appear  very  diitindlly  thro'  the  eye  glafs, 
then  they  muH  be  covered  with  a  thin  lantern  horn. 
"When  the  place  of  the  plate  is  had,  one  may  find 
the  focus  of  the  obje6l  glafs  by  meafuring  from  the 
hairs  to  the  glafs :  and  this  is  tlie  exadeft  way. 
The  plate  muft  alfo  be  placed  fo,  that  the,  center 
C  of  the  hole  may  be  in  the  axis  of  the  telefcope. 
Then  we  mufl  find  what  arch  is  reprefented  by 
EF  or  no^  the  extreme  diflance  of  the  hairs  rs  and 
/^,  when  the  flider  is  drawn  out  to  its  utter mofl. 

^0  find  the  arch  cr  angle  reprefented  by  no. 

Here  the  crofs  hairs  mufl  be  illuminated  by  a 
candle,  made  to  fhine  on  them.  Dire6b  the  telef- 
cope to  fome  flar,  and  turn  it  roui^d,  till  you  find 
the  flar  moves  along  the  hair  pq  ;  then  the  telef- 
cope is  in  a  right  pofition  •,  therefore  keeping  the 
fame  fide  uppermofl ;  draw  out  the  fiider  to  the 
end  of  the  divifions,  and  dh^ed  the  telefcope  fo  to 
the  flar,  that  it  may  fall  upon  the  interfedion  of 
the  crofs  hairs  at  ;;.  Then  the  telefcope  being  fixt 
there,  obferve  by  a  clock  or  a  watch,  how  long  the 
ilar  is  moving  from  n  to  o.  Then  fince  one  de- 
gree pafTes  thro'  any  point  in  four  minutes  time, 
or  fifteen  minutes  of  the  equinoctial  in  one  minute 
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of  time  or  fixty  feconds.  Whence  one  fecond  of  Fig. 
time  correfponds  to  fifteen  feconds  of  meafure.  115. 
Therefore  dividing  the  number  of  feconds  obferved 
by  the  clock  by  four,  gives  the  minutes  of  a  de- 
gree anfwering  to  no.  But  if  the  ftar  is  out  of  the 
equinodial,  this  number  muft  be  leiTened  in  the 
ratio  of  radius  to  the  cofine  of  the  liar's  declination. 

Otherwife, 

Set  up  two  marks  againil  a  wall  at  a  good  dif- 
tance  from  you,  fo  that  looking  thro'  the  telefcope^ 
the  two  hairs  rj,  tv^  fet  to  their  utmoft  extent, 
may  juft  cover  the  two  m.arks.  If  they  do  not,  fhifc 
the  telefcope  further  back  or  nearer  hand  ;  or  elfe 
fhift  the  marks,  till  they  do.  Then  meafuring  the 
diftance  of  the  telefcope,  as  likewife  the  diftance 
of  the  two  marks  from  each  other,  you  will  find 
by  plane  trigonometry  the  angle  included  by  the 
vifual  rays  \  and  that  is  the  angle  reprefented  by 
no. 

To  take  an  angle  with  the  telefcope, 

Dire6l  the  telefcope,  fo  that  the  fixt  hair  rs  may 
juft  touch  one  fide  or  term  of  the  angle  to  be  mea- 
fured  \  and  draw  out  the  Aider  EF,  till  the  move- 
able hair  tv  touches  the  other  fide  \  then  mark  the 
divifion  of  the  fcale  at  B  \  and  knowing  before 
what  arch  no  reprefents  :  find  by  the  rule  of  three 
what  angle  the  num.ber  of  the  fcale  at  B  amounts 
to. 

If  there  be  no  moveable  (lider,  then  the  two  hairs 
rj,  /1;,  muft  be  both  fixt.  But  then  in  taking  an 
angle,  when  one  fide  is  fet  to  rj,  the  other  fide  will 
interfed  no  in  fome  point,  v/hofe  diftance  from  ny 
in  refpedt  of  ;;^7,  can  only  be  taken  by  guefs,  as  there 
will  be  no  fcale  to  meafure  it  by. 

But  the  moft  exadl  way  of  all  for  taking  fmall 
angles,  is  by  the  micrometer^  which    is  an  inftru- 

mentj 
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Fig.  ment,   with  the  crofs  hairs  like  thefe  defcribcd  •, 
11^.  and  befides  there  is  a  machine  made  of  clock-work, 
that  by  turning  the  handle,  moves  the  hair  4v  al- 
ways parallel  to  itlelf ;  and  by  one  or  two  indexes,^ 
fhews  the  diftance  of  the  hairs  very  exadlly. 

There  is  another  way  of  fixing  the  hairs,  by 
placing  them  diagonally,  making  half  a  right  an- 
gle with  one  another.  And  thefe  are  of  ufe  for 
finding  the  difference  of  right  afcenfion,  or  of 
declination  of  any  two  ftars,  which  the  telefcope 
can  take  in. 

Thefe  crofs  hairsf  and  micrometers,  are  only 
applied  to  refradling  telefcopes,  but  have  not  yet 
been  ufed  with  reflecting  ones,  fince  they  do  not 
magnify  the  angle  fo  much. 

C«r.  I.  Hence  the  diameters  of  the  planets^  may 
be  truly  meafured ;  and  all  the  particulars  of  an  e- 
clipfe  determined ;  or  any  fmall  angles  accurately  ta- 
ken J  and  applied  to  other  afironomical  ufes. 

Cor.  2.  ^he  line  no  fuhtends  an  angle  at  the  eye^ 
which  is  greater  than  the  angle  it  reprefents\  in  pro- 
portion to  the  magnifying  power  of  the  telefcope. 

For  the  line  no  being  placed  with  the  image, 
they  are  both  magnified  alike. 

Cor.  3.  Hence^  no  reprefents  the  angle  which  it 
fuhtends  at  the  center  of  the  object  glafs. 

For  it  is  magnified  in  the  ratio  of  the  focal 
diftance  of  the  objedt  glafs  to  the  focal  diftance 
-of  the  eye  glafs  •,  that  is,  as  the  angle  it  fubtends 
at  the  eye  glafs,  to  that  it  fubtends  at  the  objed: 
glafs. 
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Fig. 
P  R  O  B.      XV.  115- 

To  manage  telefcopes  without  tubes. 

To  do  this,  a  long  pole  muft:  be  fet  upright  in 
the  earth,  in  a  wide  place,  where  there  is  nothing 
to  obftrud  the  fight.  In  this  pole  is  made  a  grove, 
in  which  a  piece  of  wood  is  to  be  fitted  to  flide 
freely  up  and  down,  this  is  to  be  drawn  up  by  a 
rope  going  over  a  pulley  at  the  top,  when  it  is 
ufed.  The  objedt  glafs  is  put  into  a  fhort  tube  AB, 
and  this  tube  is  fixt  to  a  piece  of  machinery,  made 
to  move  about  two  axes  CD,  lying  acrofs  one  ano- 
ther, and  this  machinery  is  fixed  to  the  Hiding 
piece  of  wood.  On  the  under  fide  of  the  tube  a 
imall  rod  AF  is  fixt  parallel  to  it,  reaching  ^\x  or 
eight  inches  beyond  the  tube ;  to  the  end  of  this 
a  firing  G  is  tyed,  reaching  to  the  ground.  Then 
any  perfon  on  the  ground  pulling  at  the  firing,  can 
draw  the  tube  into  a  pofition  parallel  to  the  firing, 
by  means  of  the  crofs  joints  ;  fo  that  the  tube  will 
point  diredlly  to  the  perfon  that  draws  the  firing. 

The  eye  glafs  is  alfo  put  in  a  fhort  tube  H,  on 
the  under  fide  of  which  is  alfo  fixt  a  fmall  rod,  at 
the  far  end  of  which  I,  the  low  end  of  the  firing 
is  to  be  fixt ;  and  at  the  nearer  end  a  handle  K  is 
fixt  to  take  hold  of. 

When  an  obfervation  is  to  be  taken,  the  fliding 
piece  of  wood,  with  the  objed  glafs,  is  to  be 
drawn  up  the  pole  to  a  proper  height,  and  there 
fixt.  Then  drawing  the  firing  IG,  which  is  fixt 
to  the  tail  of  the  object  tube,  to  fet  it  flreight  on 
you  i  tie  the  low  end  of  it  to  the  end  of  the  fmall 
rod  at  the  eye  tube,  fo  as  the  length  of  it  between 
the  glaffes  may  be  of  a  due  length  for  diflind  vi- 
fion,  which  in  the  adronomical  telefcope,  is  equal 
to  the  fum  of  the  focal  diflances.     Then  the  firing 

O  drawing 
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Fig.  drawing  the  two  tubes,  fets  them  in  a  right  fine, 
115.  and  if  they  alfo  be  in  .a  right  line  v/ith  the  ilar 
you  want  to  cbferve,  then  apj  lying  your  eye  to  the 
tube,  you  will  fee  the  ftar  thro'  the  glaifes.  Bue  if 
they  are  not  in  a  line,  you  rnuft  alter  your  por- 
tion, till  they  are  fo. 

It  is  necefiary  that  the  obferver  have  a  reft  to  lean" 
on,  or  to  lay  the  eye  lube  upon,  like  a  chair  back. 
For  without  it,  the  tube  cannot  be  held  fteady. 
And  the  obfervations  muft  be  made  i,n  calm  f^it 
weather,  for  the  v/ind  will  lliake  the  tubes,  Jind 
pixvent  any  thing  from  being  feen  difrin6\ly.  Aad 
befides  in  windy  weather,  the  air  is  always  f<uul, 
which  makes  it  unfit  to  make  any  obfexvatians  in. 
And  the  fame  thing  often  happcos  in  ^Anx  \ve;a- 
ther,  when  the  air  is  full  of  grofs  aquepys  vapours. 
And  after  this  manner  perfpecbives  may  Kc  ufed 
without  clofe  tubes  •,  which  may  be  do/ie  by  hold- 
ing the  eye  tube,  applied  to  one  en,d  of  a  \png 
ftick,  v/ith  one  hand  j  and  the  oJ?j?i6v  itiihe  in^  the 
other  hand,  applied  to  the  other  end  of  the  ihcl;  ; 
and  Aiding  it  back  and  for^^ard  op.  the  &ick  to  a 
proper  diilance  j  whiqli  is  fopn  fjunjd  by  a  few- 
trials.  Obferving  to  keep  the  tubes  ilreigliL  on  one 
another,  and  parallel  to  the  rd(;k.  After  this,  man- 
lier one  may  ufe  the  glafTcs  of  a  perfpcd:ive  ag 
long  as  ones  arm,  or  longer,  by  tying  the  obje<5t 
tvibe  to  the  Hick,  at  a  proper  diftance  from,  the 
nearer  end  of  it  •,  and  after  this  manner,  tlie  good- 
nefs  of  glaffes  may  be  tried,  without  the  trouble  of 
putting  them  into  long  tubes. 

And  the  fame  v/ay  one  may  make  i^fe  of  a  long 
moveable  pole,  infcead  of  one  fixt  in  the  ground  ; 
which  may  be  ufed  for  glafTes  not  exceeding  fix  or 
ci^ht  yards  focal  diftance,  by  tying  the  eye  tube, 
to  one  end,  and  the  objed  tube  towards  the  other, 
at  a  proper  diftance.     And  it  may  be  raifed  up:?n 

A  wall. 
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a  v/all,  or  the  fide  of  a  houfe,  by  the  help  of  a  Fig, 
hay  fork,  or  fome  fuch  thi-ig.  1  i£. 

Sometimes  the  fight  is  difcurbed,  by  tl^.e  fide  light 
coming  into  the  eye  tube,  \Thich  a  clofe  tube 
would  have  kept  out.  To  prevent  which,  two 
ways  may  be  ufed ;  either  to  lengtben  the  tube  of 
the'  eye  glafs ;  or  to  put  an  umbrellc?  or  bordtr 
round  the  cube  with  rhe  objec:  giafs ;  and  ihen  m 
take  fight  truly  a:  the  object,  you  muu:  raife  yoiir 
eye  above  the  eye  tube,  as  high  as  ;he  brer.dth  of 
the  umbrella. 

To  enlighten  the  object  tube,  to  take  fig'^i:  •,  a 
lantern  may  be  ufed,  tied  to  thi  end  of  a  ionj  pole, 
and  fo  raifed  up  on  high. 

P  R  O  B.     XVI. 

fo  make  a  refle^ing  telefcope, 

A  refle6ting  or  catadioptric  telefcope  may  be 
made  feveral  ways,  i  iliall  nrfi;  defcribe  the  Qre^ 
gorian  one,  becaufe  they  arc  mofc  in  ufc. 

l!he  Gregorian  'Telefcope, 
ABCD  is  a  tube  open  at  the  end  AB,  FG  a  117, 
concave  refledor,  having  a  hole  in  tlie  middle, 
and  whofc  focus  is  n,  aru  a  fmall  concave  fpecu- 
lum,  whofe  focus  is  /.  This  is  fo  placed,  that  the 
focus  n  of  the  great  refle(5lor,  and  the  place  of  the 
image  0^  may  be  conjugate  foci,  or  that  tn^  ir^  t6 
may  be  continual  proportionals.  FJI  is  a  ihort 
brafs  tube,  fcrev/inc-  into  the  end  of  the  Iars;e  one. 
In  this  tube  is  the  convex  lej-is  E,  fo  pl^^ced,  that 
EO  may  be  its  focal  diftance,  and  El  the  fame  ; 
and  at  the  end  I  is  a  fmali  hole  for  the  rays  to  com.e 
thro'  to  the  eye.  But  I  or  the  place  of  the  eye  is 
found  more  exadly,  by  making  ro^  rE,  r\  con- 
tinual proportionals.  ^ 
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Fig.  Now  the  open  end  AB  being  fet  diredly  to- 
il 7.  wards  the  objedl,  the  rays  coming  from  all  the 
points  of  the  objedt,  are  parellel  -,  and  being  re- 
ceded by  the  concave  fpeculum  FG,  will  form  the 
image  of  that  objed:  at  ;/,  which  will  be  inverted 
(by  Prop.  XVIII.  B.  II.)  And  for  the  fame  rea- 
fon,  rays  flowing  from  n,  and  refledted  by  the  fmall 
conclave  ^^,  will  make  the  fecond  image  at  0^  which 
is  inverted  in  refpedt  of  the  firft  image,  and  ered 
in  regard  to  the  objed.  Laflly,  the  rays  flowing 
from  the  image  at  0^  which  is  the  focus  of  the  glafs 
E,  and  being  refraded  by  it,  will  emerge  parallel 
to  the  eye ;  and  therefore  the  objed  will  appear 
ered  thro'  the  telefcope.  .  The  path  of  an  oblique 
ray  coming  from  the  upper  part  of  the  objed,  is 
KFxhswl, 

To  fuit  all  forts  of  eyes,  there  is  a  fmall  rod 
ML,  with  a  fcrew  at  the  end  M  ;  this  fcrew  goes 
thro'  the  arm  which  is  fixt  to  the  fmall  refledor 
^^,  fo  that  turning  the  end  L  it  brings  it  hearer, 
or  fets  it  further,  from  the  other  refledor  FG.  It 
has  a  flioulder  N  to  keep  it  fl:eady. 

The  two  fpeculums  FG,  al?^  are  made  of  a  mix- 
ture of  copper  and  tin,  but  any  white  hard  metal 
will  do  that  will  take  a  good  polifli.  But  no  mix- 
ture has  been  found  out  yet  that  will  polilh  truly 
without  pores,  fears,  and  fcratches,  and  dark  fpots 
in  them.  And  the  fpeculum  ab  mufl:  be  a  little 
bigger  than  the  hole  in  the  middle  of  the  fpecu- 
lum FG. 
liS.  Infl:ead  of  a  fingle  eye  glafs,  they  are  now  gene- 
rally made  with  two ;  which  increafes  the  viflble 
area  a  little,  and  prevents  the  objed  being  colour- 
ed at  the  edges  of  the  aperture.  In  order  to  this, 
the  conjugate  focus  0,  mufl:  be  taken  in  the  lefler 
tube  HI,  a  good  difl:ance  beyond  the  hole  ;  and 
then  place  a  lens  P  near  the  hole,  to  make  the 
rays  converging  to  0,  to  converge  fooner,  as  to  ^  ; 

and 
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and  there  to  form  the  image.  And  then  place  ano-  Fig. 
ther  lens  (a  menifcus)  at  E,  fo  that  Eq  and  E'u  1 1 8. 
may  equal  the  focal  diftance  of  it.  Then  the 
image  which  before  was  at  0^  by  the  refradlion  of 
the  lens  P,  will  now  be  at  q.  Therefore  rays  flow- 
ing from  the  image  at  q^  and  refraded  by  the  lens 
E,  will  emerge  parallel  to  the  eye  at  v.  But  there 
is  one  inconvenience  attending  two  eye  glafles,  that 
the  objedl  will  be  fainter  by  fo  many  reflexions 
from  their  furfaces. 

An  eye  flop  is  to  be  placed  at  the  laft  image  ^, 
to  circumfcribe  the  image,  and  to  cut  off  the  fu- 
perfluQus  rays,  which  is  a  thin  bafs  plate,  with  a 
hole  in  it,  lefs  than  the  refledor  al;.  Alfo  a  very 
fmall  hole  mufl:  be  made  at  v^  to  let  the  rays  pafs 
thro'  to  the  eye,  which  mufl:  be  no  bigger  than  the 
breadth  of  a  pencil  of  rays  at  v. 

Since  ro^  rE,  rl  are  continual  proportionals,  j - 
I  will  be  the  focus  of  rays  flowing  from  r  •,  whence 
the  image  of  the  reflector  ab  will  be  painted  dif- 
tindt  at  1 ;  and  therefore  a  hole  is  to  made  in  the  plate 
at  I,  jufl:  the  bignefs  of  that  image,  for  the  rays 
to  pafs  thro'  to  the  eye.  If  that  hole  be  any  big- 
ger than  the  pidlure,  the  light  coming  by  the  fide 
of  the  refledtor  ^^,  will  go  thro'  the  hole,  and  make 
the  pidture  confufed.  And  if  the  hok  be  lefs  than 
tLe  pidure,  rays  from  the  extremities  of  ak  will 
not  pafs  thro',  and  fo  the  whole  cannot  be  repre- 
fented.  Therefore  to  find  exadly  the  diameter  of 
the  eye  hole ;  it  will  be  (by  Prop.  XVI.  B.  IIU, 
^s  rE  :  ab  :  :  El  :  breadth  of  the  image  at  I^  or 
the  diameter  of  the  hole  required. 

If  you  hold  a  thin  paper  at  I,  infliead  of  the 
plate,  the  image  of  al^  will  be  painted  on  it,  and 
will  be  vifible  thro'  the  paper,  being  a  black  fpot 
very  difl:ind,  furrounded  with  light  -,  and  thus  one 
may  find  the  bignefs  of  the  hole  experimentally. 
And  the  like  for  two  eye  glaflTes. 

O  3  Ta 
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Fig.  To  fee  objecls  that  are  near  hand  diftindly  ;  or 
117.  for  long>-lighi:ed  people,  to  fee  far  di&int  objeds  5 
the  little  concave  ab^  muft  be  ^noved  z  little  from 
the  large  one  ;  buc  a  little  nearer  for  fnort-fighted 
people.  And  all  this  is  done  by  turning  the  end 
L  o{  the  rod  LM.  For  if  an  object  comes  nearer^, 
its  Image  ai;  71  will  come  nearer  i  \  and  as  in  grows 
lefs,  to  will  grow  greater;  and  0  will  come  nearer 
the  lens  E.  Therefore  to  reduce  it  back,  the 
giafs  ah  is  to  be  fet  further  off.  But  for  Hiort- 
fixihted  people,  the  focus  0  mufc  be  fet  nearer  E, 
to  make  the  r^ys  diverge  more  ,  that  is,  to  mufc  be 
longer,  and  confequently  in  Ihorter,  or  ah  brought 
nearer  FG.  And  the  contrary  for  long-fighted 
people.  Therefore  for  far  diftant  objeds,  and 
Ihort-figh.ted  people,  fcrew  right  about.  And  un- 
fcrev/  for  near  objecls,  and  for  old  mea. 

^'he  properties  of  this  telefcope. 

t.  It  (hews  the  objects  erefl ;  but  not  fo  bright 
as  in  a  refrading  telefcope  \  becaufe  metal  refle6ts 
lefs  light  than  glafs  tranfmits.  For  by  obfervation, 
it  appears  that  all  refleding  metals  lofe  mote  than 
a  third  part  of  the  rays. 

2.  The  vifible  area  of  an  objedt  is  as  the  breadth 
of  the  eye  glafs.  For  (fig.  117.)  if  the  image  at 
^,.  and  the  eye  glafs  E  be  increaied,  the  image  at 
n  v/ill  alfo  be  increafed,  becaufe  the  angles  of  inci- 
dence and  reflexion  at  ah  are  equal ;  and  confe- 
quently the  vifible  part  of  the  objed  is  increafed. 

3.  The  brightnefs  of  an  objed  is  greater  when 
the  aperture  is  greater.  For  then  more  light  comes 
to  the  eye. 

118.  4.  The  brightnefs  of .  the  image  is  lefs  towards 
the  extreme  parts  •,  becaufe  the  Ihadow  of  the  fmall 
fpeculum  falls  on  the  outfide ;  but  on  the  middle 
it  only  covers  the  hole.  And  this  diminution  is 
greater  in  long  telefcopes. 

5'  It 
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5.  It  is  found  by  experience,  that  a  concave  re-  Fig* 
fieccor,  whofe  focal  diftance  is  g.6  inches,  will  bear  1 18» 
an  aperture  of  2.3   inches ;    and  requires  a  fmall 
fpeculum,  v/hofe  focal  diftance  is  1.5  inches,  and 
breadth  0.6  inches  ;    and'  two  eye  glafies,  whofe 
focal  diftances  a'*e  ^.S  and  i.i   inches.     Whence 

the  other  requifites  are,  the  breadth  of  the  hole  zi 
0.5  inches  -,  diftance  of  the  little  fpeculum  and  the 
greater  eye  glafs  n  14.2  inches ;  diftance  of  the 
eye  glafies  2.4  inches.  The  naagnifying  power  of 
this  is  60. 

6.  A  telefcope  of  this  fort  is,  far  ihorter  than  a 
dioptric  telefcope  that  has  the  fame  magnifying 
power.  For  one  of  thefe  refledors  1 6  inches  long, 
IS  found  to  magnify  as  much  as  a  dioptric  one  of 
15  or  16  feet  long. 

Mr,  Caflegrain'j  telefcope. 

ABCD  is  a  tube  open  at  the  end  AB ;  FG  aii9» 
concave  fpeculum  v/hofc  focus  is  ;?,  and  in  the 
middle  of  it,  is  a  round  hole  for  the  refleded  rays 
to  pafs  thro' ;  arb  a  fmall  convex  fpeculum  whofe 
focus  is  /j  this  is  placed  between  n  and  FG,  fo 
that  the  focus  n  of  the  great  concave,  and  the  place 
of  the  image  <?,  m.ay  be  conjugate  foci,  or  that  /», 
/r,  to^  may  be  continual  proportionals.  HI  is  a 
fhort  »M-afs  tube,  fcrewing  into  the  end  of  the 
larger,  having  a  convex  lens  E  in  it,  fo  placed, 
that  E(?,  EI  may  be  each  equal  to  its  focal  dif- 
tance. At  I  is  a  fmall  hole  for  the  rays  to  come 
thro'  to  the  eye,  which  is  fomething  lefs  than  in 
Gregory's. 

Now  when  the  open  end  is  fet  towards  the  ob- 
jeft,  parallel  rays  coming  from  the  objedc  are  re^ 
flecled  by  the  great  concave  FG,  to  the  focus  », 
and  there  would  make  the  image  of  it  inverted 
Cby  Prop.  XVIII.  B.  II.)  •,  but  before  they  come 
iit  «,  they  are  reflected  by  the  little  convex  ah^ 
O  4  to 
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Fig.  to  the  conjugate  focus  o^  which  being  on  the  other 
1 19.  fide  of  the  refledor,  will  fby  the  fame  Prop  J  make 
there  the  fecond  image,  erecl  in  refped  of  that  at 
n^  but  inverted  in  refped;  of  the  objedt.  Then  0 
being  the  focus  of  the  lens  E,  the  rays  flowing  from 
0^  and  being  refraded  at  E,  will  emerge  parallel 
to  the  eye  at  I  \  where  the  objed  will  appear  in- 
verted \  but  may  be  made  erecl,  by  caufmg  the 
focus  0  to  fall  without  the  tube  HI,  and  applying 
a  concave  lens,  as  in  Galileo's  telefcope. 

To  move  the  fmall  convex  back  and  forward  to 
fuit  all  eyes  and  bbjeds,  there  is  the  fame  contri- 
vance as  in  the  Gregorian  telefcope,  by  the  rod  LK. 
And  inftead  of  one  eye  glafs  two  may  be  ufed,  which 
muil  be  placed  as  in  the  Gregorian.  At  0  an  eye  flop 
is  to  be  placed  as  ufual,  to  keep  ofFftraggling  rays. 

The  trad  of  a  ray  RG  coming  from  the  upper 
part  of  the  objeft,  will  be  ^QaswV  \  where  the 
part  Qa  tends  10  x, 

'The  properties  of  this  telefcope^ 

1.  It  fhews  the  objed  inverted  5  and  therefore 
is  more  proper  for  the  night,  where  the  inverfion 
of  the  objeds  is  not  regarded. 

2.  It  is  fhorter  than  Gregory's  telefcope,  by 
twice  the  focal  diftance  of  the  leffer  fpeculum ;  and 
has  the  fame  magnifying  power,  or  rather  more, 
arid  fhews  the  objed  as  bright. 

3.  The  vifible  area  is  as  the  breadth  of  the  eye 
glafs.  For  increafing  the  eye  glafs,  more  rays  will 
come  from  the  outfides  of  the  objed. 

4.  The  greater  the  aperture  is,  the  brighter  the 
objed  will  appear.  For  then  more  light  is  brought 
to  the  fam.e  parts  of  the  retina.  Tliis  will  alfo  ap- 
pear by  ftraitening  the  aperture,  by  putting  a  pa- 
per before  it,  with  a  hole  in  it. 

5.  The  brightnefs  of  the  objed  is  fomething  lefs 
towards  the  extreme  parts,  occafioned  by  the  fha- 
dow  of  the  fmall  fpeculum,  'The 
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Fig, 

1'he  Newtonian  tele/cope. 

ABCD  is  a  tube  open  at  the  end  AB  •,  FG  a  120. 
concave  refledtor,  whofe  focus  is  n.  arh  a  plain 
metal  refiedtor,  fet  to  an  angle  of  45  degrees  with 
the  axis  rz  of  the  concave.  Or  inftead  of  metal, 
you  may  have  a  glafs  prifm  ahm^  the  fide  bm  being 
parallel,  and  am  perpendicular  to  the  axis  rz,  and 
am  equal  to  hm^  and  the  fide  ah  muft  not  be  quick- 
filvered  over ;  for  it  will  refled  all  the  light  with- 
out it.  And  whether  this  refledlor  be  metal  or 
glafs,  it  muft  be  an  oval,  whofe  length  ah  muft  be 
to  its  breadth,  as  ^^  to  i  ;  becaufe  it  ftands  ob- 
liquely. This  refledor  is  cemented  to  an  arm  L, 
which  is  fixed  in  the  fide  of  the  tube,  fo  that  the 
axis  of  the  fpeculum  may  pafs  thro'  the  middle  of 
ah.  Let  ro  be  made  equal  to  rn.  And  let  0  be 
the  focus  of  the  glafs  lens  ^,  placed  in  the  fide  of 
the  tube ;  and  a  thin  plate  laid  over  the  glafs,  with 
a  fmall  hole  in  it ;  or  rather  a  fmall  tube  going 
from  thence,  of  the  length  of  eo^  or  rather  more^ 
as  EI ;  at  the  end  of  which  I  is  a  fmall  hole  for 
the  rays  to  pafs  thro'  to  the  eye.  The  refledor  ah 
TTiuft  not  be  made  too  great,  and  the  refledor  FG 
may  either  be  made  of  metal,  or  of  glafs,  accord- 
ing to  Prob.  V. 

The  tube  AD  being  turned  with  its  open  end 
AB  towards  the  objed ;  parallel  rays  coming  from 
all  the  points  of  it,  will  be  refleded  from  the  con- 
cave FG  to  the  focus  n^  where  would  be  made 
the  image  of  it  inverted.  But  by  the  interpofition 
of  the  Imall  refledor  ah.,  they  are  hindered  from 
coming  to  n.,  and  are  refleded  thereby  to  the  focus 
e?,  where  they  form  the  fecond  image  equal  to  that 
at  n.  Laftly,  rays  proceeding  from  this  image, 
which  is  alfo  in  the  focus  of  the  lens  ^,  will  be  re- 
fraded  by  the  lens,  and  emerge  parallel  to  the  eye 
placed  at  1.     Therefore  if  the  face  be  fet  towards 

the 
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Fig.  the  open  tr\d  AB,  and  the  eye  applied  at  I,  the 
.120.  objecl  x:Y^\  appear  inverted.  Or  if  you  fet  your 
face  tOT/ards  the  other  tpA  CD,  it  will  appear  ere6t 
to  the  eye  at  J  •,  but  it  is  troublefome  to  iloop^ 
dov/n,  e^rcept  the  telefcope  be  nearly  in  a  horizon- 
tal pofidon. 

The  image  rn^y  be  iuade  ere<5i:,  by  making  the 
fides  a7n  ?!nd  bm  of  the  glafs  prifm  not  plain  but 
convex,  thai:  the  itys,  uiay  crofs,  as  well  before 
the)  come  at  it,  as  afterwards  between  it  and  the 
eye  glafs.  Oi'  it  may  be  erecccd,  by  projecting  the 
focus  (7,  T/ithout  the  tube,  and  applying  a  concave 
zie^  of  a  proper  focus. 

The  trac:  of  an  oblique  ray  RZ  coming  from 
the  nppcr  p'^rt  of  the  objed,  is  RZaswl^  where 
tffe  pi?.Vt  Im  tie'nds  to  x,  but  is  reflecled  in  diredion 
as  by  the  plar^e  ah, 

The  infide  of  this  tube,  and  indeed  of  all  telef- 
tbptZi  muii  be  m?;de  very  black,  to  abforb  the 
rays  of  light:  that  fall  upon  them. 

All  thefe  forts  of  reflecting  telefcopes  are  fet 
Upon  a  Hand  with  three  feet  •,  and  are  moveable  in 
it  every  way,  fo  ,that  they  may  be  dire6ted  to  any 
object ;  which  done,  they  are  fixt  there  v/ith  a  fcrew, 
which  keeps  them  fleady  in  that  poiition. 

In  Rich  of  thefe  telefcopes  as  magnify  much^ 
there  is  a  fmall  tclefcope  fixe  to  the  tube,  by  the 
help  of  v/hich,  any  objedl  may  be  found  out,  by 
directing  it  to  the  fame  objedl. 

ne  properties  of  this  telefcope, 

1.  It  v/ill  bear  a  greater  aperture  and  eye  glafs 
than  either  of  the  others ;  and  confequently  will 
magnify  more  by  about  a  fifth  part.  It  has  like- 
Wife  other  advantages,  for  lefs  light  will  be  lofi:  by 
reflexion  from  the  oval  plane,  than  from  a  fpheri- 
cal  refle(5cor.  And  will  alfo  reflect  the  light  more 
truly.     In  the  other  telefcopes,  the  diftance  of  the 

eye 
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eye  glafs  ?.nd  litLle  reflector  is  greater,  which  aug-Fig* 
menTs  the  e-Tors  of  refraction.  The  errors  of  the  •  20» 
objecc  iiietal  will,  be  more  augmented  by  reflexion 
from  ihe  fmall  convex,  which  therefore  requires  a 
jsiore  exad  iigure ;  and  hence  it  will  not  bear  fo 
large  r:  i  iipsrciire ;  alfo  being  convex  it  magnifies 
too  mrach,  raid  therefore  will  reprefent  the  objeds 
obfcure,  da:'k,  znd  confufcd. 

2.  The  objec.  in  this  celefcope  appears  inverted, 
and  therefo-e  's  rirccr  for  the  night :  befides,  it  ap- 
pears in  V.  qu'icc  diubrenL  place,  which  is  not  fo 
natural,  ;:s  v/hcn  ii:  is  feen  in  its  true  place,  by- 
looking  tovv-ards  it  thro'  the  telelcope.  And  this 
makes  il:  hard  to  find. 

3.  The  vifible  area  is  greater,  the  broader  the 
eye  glafs  is.  And  the  object  is  brighter,  the  larger 
the  aperture  is. 

4.  This  and  other  forts  of  refledling  telefcopes, 
are  fhortcr  than  dioptric  ones  of  the  fame  magni- 
fjring  pov/er.  Bcci.ufe  the  images  made  by  re- 
fraction, are  confuli^d  and  irnperfecl,  by  reafon 
of  the  d^uei-eiVt  ref-an^ibility  of  the  rays,  v^hich 
has  no  eifecL  in  reflc&ions.  And  confequently 
thefe  ima£-es  v/ill  not  bear  to  be  fo  much  mao;ni- 
fied  by  refractors. 

5,  There  is  inore  ca-'e  required  in  giving  a  true 
figure  to  a  ■  eflecLin;^;  furface  than  to  a  refracting  ^  * 
one.     For  an  error  in  the  iifrure  of  a  refle6tor  will 
produce  almoft  fix  times  as  great  an  irregularity  in 
the  image,  as  it  will  do  by  the  refradtor. 

P  R  O  B.      XVII. 

^0  find  the  magnifying  power  of  a  refle5ling  telef- 
lope  ;  alfo  the  indiftinElnefs  and  brighinefs^  and  vifual 
angle. 

Let  rV  be  the  axis  of  the  telefcope,  and  let  an  121. 
object  appear  to  the  naked  eye  under  the  angle 

RVr 
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Fig.  RVr  or  RV;^,  n  being  the  focus  of  FG  ;  and  let 
121.  »^  be  the  firfl  image  made  by  reflexion  from  FG  ; 
and  OS  the  fecond  image  made  by  reflexion  from 
ah.  Then  drawing  jE  to  the  center  of  the  eye 
glafs,  the  angle  jE(?  (by  Prop.  XVII.  B.  III.)  is  the 
angle  which  the  objed  appears  under  thro'  the  te- 
lefcope  \  and  therefore  it  is  magnified  in  the  ratio 
of  R'i^r  to  oY.s.  But  the  angles  of  incidence  and 
reflection  being  equal,  we  have  RVr  —  »V;^,  and 
nrx  —  ors. 

Now  the  ratio  of  RVr  or  rN^  to  ^Ej,  is  com- 
pounded of  (RVr  or)  rNx  to  «r;v,  and  of  {nrx  or) 
Qrs  to  d?Ex ;  that  is,  of  rn  to  »V,  and  ^E  to  or ; 
or  of  rn  X  ^E  to  rN  X  or.     And  therefore  the 

magnifying  power  is ^i: But  lince  /  is  the 

*  °  r;^  X  ^E 

focus  of  ab,  and  (by  conftrudion  of  the  telefcope) 
tn  \  tr  :  :  tr  :  to^  therefore  nr  \  tr  \  \  or  :  to^  and 

2L-.  zz  — ,  and  therefore  the  magnifying  power  is 
rn  tr 

—2SJl,     This  is  in  the  Gregorian  and  CafTegrain's 
€E  X  tr 

telefcopes.     But  in  the  Newtonian  one,  where  the 
images  nx  and  os  are  equal,  tr  and  to  have  no- 

thing  to  do  •,    and  its   magnifying  power  is  — ^ 

or  (fig.  120)-—,. 
c?E 

For  the  indiftin5inefs. 
The  confufion  or  indifl:in6tnefs  of  the  image  in 
the  focus  of  the  refledtor,  is  as  the  circle  of  aber- 
ration ;  and  Cby  Cor.  i.  Prop.  XXIV.  B.  II.)  the 

Bj 

diameter  of  the  circle  of  aberration  is  as   — r-^t 

4RR 

that  is,  as  the  cube  of  the  aperture  dire6lly,  and 

the  fquare  of  the  focal  diftance  inverfly.     And  the 

apparent 
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apparent  magnitude  of  that  diameter  feen  thro'  the  Fig. 
eye  glafs,  is  as  the  diameter  itfelf  diredlly,  and  121. 
the  focal  diftance  of  the  eye  glafs  inverfly.  And 
the  indiftinclnefs  in  the  eye  is  as  the  apparent  area  of 
that  circle,  that  is  as  the  6th  power  of  the  aperture 
dire6tly,  and  the  .4th  power  of  the  focal  diftance 
of  the  great  refledor  inverfly,  and  alfo  as  the 
fquare  of  the  focal  diftance  of  the  eye  glafs  in- 
verfly. Therefore  if  A  be  the  aperture,  and  F 
the  focal  diftance  of  the  large  refle&or,  g  the  focal 
diftance   of  the  eye  glafs  >  then  the  indiftindnefs 

IS  as . 

For  the  hrightnefs. 
If  the  area  of  the  image  in  the  eye  be  given, 
the  brightnefs  will  be  as  the  quantity  of  light,  that 
is  as  the  fquare  of  the  aperture.  And  if  the  light, 
or  the  aperture  be  given,  the  brightnefs  will  be  as 
the  area  inverfly.  Therefore  in  general  the  bright- 
nefs is  as  the  fquare  of  the  aperture  diredly,  and 
the  area  inverfly,  but  the  area  is  as  the  fquare  of 
the  magnifying  power ;  therefore  the  brightnefs  is 
as  the  fquare  of  the  aperture  diredly,  and  the 
fquare  of  the  m.agnifying  power  reciprocally.  There- 
fore if  M  be  the  magnifying  power,  the  brightnefs 

A^ 

is  as . 

M* 

Cor.  I .  If  ¥^  f^  he  the  focal  difiances  of  the  great 
andfmall  refie5ior  ;  g  zz.  focal  diftance  of  the  eyeglafs^ 
to  zz  d,     Then  in  the  Gregorian  and  Caffagrain's  te- 

lefcopy  the  magnifying  power  is  . —  .      j4nd  in   tht, 

J  c> 

p 

Newtonian^  it  is  — 
S 

Cor.  2.  An  ohjedf  appears  equally  diflin5i  in  reflect- 
ing  telef copes  of  the  fame  fort  j  when  the  focal  difiances 
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Fig.  of  the  eye  glajjes^  are  as  ihe  cubes  of  the  apertures  of 

121*  the  great  reflector s^  divided  by  the  fquares  of  their  fo- 

cal  diftances. 

A^ 
For  if  -— — ,  be  gi\'en  j  A^  is  as  FV,  ?nd  A' 

as  F^  jB-,  \-'hence  ?••  is  as  -^ — 

Cor.  3.  i;/  refleo'dng  telefcopes  of  the  fame  fort  \  an 
cibje^l  appears  equally  bright.^  when  the  aperture  is  as 
the  magnifying  power. 

For  if  «—--  be  a  given  quantity,  then  "A*  is  as 
M%  and  A  is  as  M. 

Cor.  4.  In  feveral  reflecting  telefcopes  of  the  fame 
fort^  an  object  will  appear  equally  t^rght  and  diflinB\ 
when  their  apertures  and  magnifying  powers  are  each 
as  the  fourth  roots  of  the  cubes  of  tht  focal  diftances 
cf  the  great  concaves  \  and  the  focal  diftances  of  the 
eye  glaffes  as  the  founh  roots  of  thefe  focal  diftances. 

For    in    the    Newtonian    telefcope    M   is   as 

F  F 

—  J  and  fince  A  is  as  M  or  — ,  therefore  Ag  is  as 

g  g    ^ 

F  A'  F^ 

F,  and^as  — ,  but  ^  is  alfo  as  —  >  therefore   ..^ 

IS  as  —  ,  and  F^  as  A*,  and  A  as  y/Y^  \  and  thero^ 

_  F 

fcre  M  is  as  y/F^  Whence  g  is  as  tt^^  ^  as  v/F. 

And  in  the  Gregorian  and  CaiTegrain's  telefcopes, 

we  have  M  as  — ,  wherein  if  we  fuppofe  —    or 

fg  J 

tr 
(which  is  the  fame  thing)  —  a  given  ratio,  which. 

fliits  them  very  well  j   then  M  will  be  as  -^ ,  and 
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all  things  will  fo\\ow  ^  b^foro  In  tho  NqvnojrihnVig, 
telefcope.  1^1, 

Cor.  5.  In  reflet- In^  telef ropes  the  vifual  angle  is 
fis  the  breadth  of  the  eye  giafs^  divided  Pj  iti  4ili^^'(i 
from  the  fmall  refleaor. 

Fu'-  the  an,g^e  of  reflecvlon  at  r  beitic:  €ql«£'^t^'» 
the  angle  of  incidence,  the  -v  f^s  wilf  -uis  the 
lens  E,  iiT  it  is  ^>o-:  b-oad  eiioi^^ii.  '♦  I  -rvil)r:  di- 
miniihing  the  lens,  tttoinifr^es  l\\^  --^c£^^  -^V  und 
VrA' ;  and  alfu  ^Y;;^  and  ^Viv  t(:c  vilual  single;  <i\\iX 

\^sro  is  as  —  i-  bie^dta  c^.f  •itfeCifJIVgl^fs^u^vi 

by  Er,  ' '  d   ' 

Cor.  6.     If  Is   le  the  angle ^  ^Uch'iho  eye  glaf^ 

fuhtends  at  the  little  rejic^^or,     The?i  -—r-  ^^  ihe  angle 

''■'-■-  •ir' 

the  telef  CO fe  takes  in^  nearly  \  ful^pq^mi  the  hok  as  mg 

as  the  eye  gtafs,     'But  in  l^ewiqiCs^  the  cmi/k  taken 

itt^  is  that  i^hich  tbr  eye  glaf   {f  laced  In  the  foctis) 

fuhtends  at  the  greq,t  comi^ve.     !       >    ; 

.  For  lupfsofing  die  ray  r^  to  tbiieh' tijie  edge  of  the 

^ye  glafs,  xh^vi  thx  3tngi0  1^'  ri  crs  o^krn^  is  to  he 

diminiflied  in  the  ratio;  df'?c;^' ta  T^^f  to  ^pt   the 

angle  /fVr.; .  or-  R¥;?j  that;  is.  nearhr  p  the  ratio  ef 

rt  to  nVy  or/  to.'.P;/'.  ,^>|i2im'  Kkiktbifs,    m:  vch- 

tends  the  angle  ii^X  "=■  RZ;?  (§g.  if:o.)    T^c  an-    ^ 

gle  N  is  the  linear  view-;  and  that  G^piijiHicd  in  ::he 

ratio  of  /  tjo  F  nearly,  'is  ^he  real  angle,  itae  part 

fcen  of  the  objed,  appears  under,  to  the  nailed  eye. 

Cor.  7.  InJimUar-  reflecting  tekfcopes^  thp  magrd-- 
fying  power y  aiftinfmefs  andvifual  migle^  ar e  the f amen 
And  the  hrigh'./iefs  as.  the  f^uare  of  tke  length  of  th^ 
ielefcope. 

For  F,  /,  g^  are  in  given  ratios  to  one  another ; 

and  the  magnifying  power  is  as  -—  or  —  ,  which 

fi         g 

h 
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Fig.  is   a  given  ratio.      And  the  diftindlnefs   (or  its 

^^^•fquare  rootj  is  as—-,  and  this  is  a  given  ratio, 

Alfo  the  vifual  angle  is  as  — .. —   or  as  —   (  put- 
^  F+/  F 

ting  ^  =:  breadth  of  the  eye  glafs),  which  is  alfo  a 

given  ratio.     And  laftly,  the  brightneft  is  as  -— 

or  as  A*  (becaufe  M  is  given;)  that  is,  as  F*. 

Cor.  8.  From  what  has  been  laid  down  concerning 
the  nature  and  conftru5iion  of  thefe  tele/copes^  it  will 
not  he  difficult  to  co7ifiru5i  one  of  any  lengths  I  fhall 
here  infert  fome  tables  conjiru^ed  by  the  preceding 
rules. 

'The  Gregorian  Telefcope, 


F 

/ 

A 

a 

S 

M 

f.  in. 

inches 

inches 

inches 

inches 

o     6 

1. 14 

1. 61 

0.32 

1.25 

25 

o    9 

1.46 

2.23 

0.38 

^'53 

3^ 

I      0 

1.76 

2.70 

0.42 

173 

47 

I     6 

2.32 

3,62 

0.51 

2.04 

68 

2      O 

2.67 

4-52 

0.56 

2.31 

n 

3     o 

3-43 

6.26 

0.65 

2.56 

148 

Mr,  CaffegrairCs. 


F 

f.  in. 

/    1    A 

a 

g 

M 

inches, inches 

inches 

inches 

I     6 

2.17 

i-^9 

0.42 

1.67 

90 

3     0 

Z-51 

6.57 

0.59 

2.34 

155 

5     0 

517 

9.61 

0.76 

3.03  2301 

^i^ 
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Sir  y,  Newton's. 

feet 

A        g 

M 

inches  inches 

z  . 
•a 

0.86 

0.16 

36 

I 

1.44 

0.20 

60 

2 

2.45 

0.23 

102 

3 

331 

0.26 

138 

4 

4.10 

0.28 

17. 
202 

5 

4..  8  5 

0.29 

6 

5.57 

0.31 

232 

8 

6.89 

0.33  1287 

IQ 

8.16 

0-35  340 

12 

9-36 

0.36  390 

209 
Fig* 


Scholium    1. 

The  breadth  of  the  fpeculum  ab  is  not  deteN 
mined  by  the  foregoing  calculations,  and  therefore 
is  left  to  the  judgment  of  the  artift.  But  it  mufl: 
be  confidered,  that  if  it  is  too  broad,  it  will  inter- 
cept too  many  of  the  beft  rays,  from  coming  to 
the  large  concave  FG  •,  and  if  it  be  two  fmall, 
many  of  the  rays  refleded  from  FG,  will  pafs  by 
it.  Therefore  to  avoid  both  inconveniences,  it 
will  be  proper  to  make  its  breadth  to  that  of  FG, 
as  their  focal  diftances,  or  rather  as  rn  to  Vn.  For 
then  it  will  juft  reflect  the  whole  pencil  of  direct 
rays  that  falls  upon  FG,  (fee  fig.  118.) 

':    Likewife  —  was  afTuiped  a  given  ratio  j  but  as 

it  is  unlimited,  it  may  be  taken  otherwife ;  and 
then  this  will  caufe  a  variation  in  all  the  other  quan- 
tities, and  their  proportions  to  one  another.  And 
of  this  experience  will  be  the  beft  guide. 

In  the  tables  before  laid  down,  it  is  fuppofed 
that  the  focus  0  falls  at  or  about  V,  and  on  that 

P  (up. 
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Fig,  fuppofition  the  magnifying  powers  are  calculated ; 
1 2 1, which  would  be  greater  if  o  falls  beyond  it. 

Inftead  of  a  fmall  concave  or  convex  refleftor 
ab^  a  plane  refiedtor  may  be  ufed.  But  then  to 
have  the  focus  o  to  fall  at  V,  it  mult  be  placed 
in  the  middle  of  »V  ;  and  then  its  breadth  muft  be 
half  of  FG,  or  elfe  it  cannot  refledl  all  the  diredt 
rays  falling  on  FG,  and  reflecEled  by  it.  Such  a 
plane  refiedor  would  ftop  a  quarter  of  the  diredt 
pencil  of  rays,  and  the  bed  of  them  too  And 
befides,  the  image  at  o  would  be  no  bigger  than 
that  at  n  \  and  therefore  this  conilrudtion  will  not 
anfwer  the  end. 

Very  long  telefcopes  fhould  not  be  ufed  to  mag- 
nify terreftrial  objeds.  For  they  equally  magnify 
the  particles  of  the  atmofphere,  and  all  grofs  va- 
pours arifing  in  it.  And  thro'  fuch  telefcopes  the 
air  appears  in  a  perpetual  tremor ;  and  the  more  fo, 
the  more  the  telefcope  magnifies.  And  this  trem- 
bling motion  of  the  atmofphere  makes  every  ob- 
jed  appear  confufed  and  indiftind.  The  only  re- 
medy is  a  ferene  and  qisiet  air. 

If  it  was  not  for  the  different  refrangibility  of 
the  rays,  the  errors  in  refrading  telefcopes,  would 
only  be  fuch  as  are  caufed  by  the  fphericalnefs  of 
the  figure  of  the  glafTes  \  -and  then  the  dimenfions 
of  the  feveral  parts  would  be  proportioned  by  the 
lame  rules,  as  in  refleding  telefcopes.  But  as  ex^ 
perience  fhews  the  contrary,  it  is  plain,  that  the 
aberration  arifing  from  the  fpherical  figure,  is  ex- 
tremely fmall,  in  comparifon  of  that  proceeding 
from  the  different  refrangibility. 

I  Ihall  here  add  the  algebraic  exprelTions  for  the 
jfeveral  parts  of  Gregory's  telefcope,  fuch  as  hav§ 
been  found  to  anfwer  experience. 

Let  focal  diftance  of  the  great  concave   zz  F, 

its  breadth  —  —         —         zz  A. 

magnifying  power  —  • —      zz  M. 

tan. 
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tan.  angle  the  hole  in  the  concave  1  __        Fig. 

fubt^nds  at  the  eye  glafs  1  ""*  ^'    121. 

nP  — — _ 

^   z=  f,  ^Ac  +  cczzR. 

then,  €  =:  breadth  of  the  image  at  n,  of  fo  much 
of  the  objed  as  the  eye  takes  in  5  fuppofing  the 
eye  glafs  as  big  as  the  hole. 

Breadth  of  the  hole  in  the  concave,  |  :::^  ^  4,  R 
or  of  the  fmall  fpeculum  (a)  J         [ 

focal  diflance  of  the  fmall  fpeculum  (f)  r:-- — - . 

diftance  of  the  fpeculums  (Vr)  zz  F  +    y-r—  ~  ^* 

focal  diftance  of  the  eye  glafs  {g  zz  Eo)  zz — it — , 

n 

diftance  of  the  eye  (EI)  zz  ■  "^.^  g  z=  h 


breadth  of  the  hole  in  the  plate  at  the  eye  n  -i^ltJl. 

Note^  day  telefcopes  require  an  eye  glafs  of  twice 
the  focus  of  night  telefcopes  5  and  magnifies  but 
half  as  much. 

Scholium     II. 

Befides  the  telefcopes  defcribed  before  5  there  is 
alfo  one  called  a  binocular  or  double  telefcope.  This 
is  no  more  than  two  equal  telefcopes  fet  in  a  frame, 
parallel  to  one  another ;  and  thefe  may  be  fet  at  a 
proper  diftance  from  one  another,  by  the  help  of 
icrews  ;  and  that  diftance  is  to  be  the  fame,  as  the 
diftance  of  the  two  pupils  of  the  eyes.  When 
diat  is  adjufted,  a  perfon  is  to  look  thro'  them  both 
at  once  ;  thro'  one  with  each  eye,  to  any  obje<5t ; 
which  will  then  be  feen  by  both  ey^s,  and  appear 
far  brighter  than  thro'  a  fingle  telefc6pe. 


h 
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fi&.  All  telefcopes  in  general  reprefent  all  terreftrial 
objeds  to  be  nearer  hand,  but  not  larger  -,  and  this 
nearnels,  vicinity  or  feeming  approach  of  the  ob- 
je6l,  is  as  the  magnifying  power  of  the  telefcope. 
Thus  looking  at  a  man  loo  yards  off,  with  a  te- 
lefcope that  magnifies  loo  times;  the  man  will  ap- 
pear no  bigger,  but  will  feem  only  to  be  a  yard 
off-,  and  the  like  of  other  objeds  fituated  on  the 
earth. 

PR  OB.     XVIII. 

'To  find  the  magnifying  fower  of  a  telefcope^  hy  ex- 
^puiment. 

Make  two  equal  circles  of  paper  of  an  inch  dia- 
meter or  more,  and  fix  one  of  them  upon  a  wall 
lOO  or  200  yards  diftant ;  and  the  other  at  a  fmall 
diftance,  in  a  line  with  the  firft.  Then  look  at  the 
further  circle  thro'  the  telefcope  with  one  eye,  and 
at  the  near  circle  with  the  other  eye  naked.  Move 
the  nearer  circle  (or  elfe  the  telefcope)  back  and 
forward,  till  the  two  circles  appear  equal,,  or  coin- 
cide. Then  meafure  the  two  diflances,  from  the 
eye  glafs  of  the  telefcope  to  the  two  cirles  ;  then 
divide  the  greater  diftance  by  the  lelTer,  and  you 
have  the  magnifying  power  of  the  telefcope. 

Or  thusy 

If  you  be  in  a  room  where  there  is  a  cafement 
or  fafh  window ;  caufe  a  ftafF,  or  fuch  a  thing  of 
two  or  three  feet  long,  to  be  fet  upright  at  a  good 
diftance  from  the  houfe.  Open  the  window,  and 
place  yourfelf  at  a  convenient  diftance  therefrom, 
fo  that  you  may  be  in  a  line  with  the  ftaff,  and  the 
iide  or  frame  of  the  window.  Then  looking  thro' 
the  "telefcope  with  one  eye,  to  the  ftaff,  mark  the 
extremities  of  the  ftaff  where  they  appear  on  the 
window .  frame.     Alfo  with  the  other  eye  naked, 

(or 
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("or  with  the  fame  eye  afterwards,  placed  where  Fig. 
the  eye  glafs  of  the  telefcope  was)  look  at  the  ftafF, 
and  mark  the  extremities  of  it  alfo  on  the  window 
frame.  Meafure  how  oft  this  laft  diftance  is  con- 
tained in  the  firft,  and  that  is  the  magnifying 
power. 

Inftead  of  a  flaff,  an  accidental  objed  may  pre- 
fent  itfelf,  which  will  do  as  well ;  as  a  chimney  top, 
a  window  or  door  of  a  houfe,  a  tree,  &c.  By  try- 
ing thus  feveral  times  to  find  if  your  marks  be 
rightly  {ct,  you  may  do  the  thing  pretty  exactly.  | 

In  a  refradting  telefcope,  when  you  have  a  large  || 

obje6t  to  look  at,  you  may  do  the  lame  thing,  by  | 

looking  the  contrary  way  thro'  the  telefcope  to  di-  i, 

minilh  it ;  and  making  marks  as  before ;  and  like-  \ 

wife  looking  with  the  naked  eye,  and  making  marks  I 

likewife  ;  for  thefe  will  give  the  fame  refult.     In-  J 

ftead  of  marks,  you  may  flick  pins  into  the  win-  I 

dgw  frame.  j 

P  R  O  B.     XIX.  ^ 

"To  make  a  Jingle  mkrofcope. 

A  mkrofcope  is  an  optical  inflrument,  made  of  122^ 
one  or  more  glaffes,  or  fometimes  with  a  refledting 
metal ;  to  view  very  fmali  objecSls. 

To  make  a  fingle  one,  take  a  very  fmall  lens  L» 
fix  it  in  a  frame  to  take  hold  on  with  the  fingers  ; 
and  place  any  fmall  objcd  PR  in  the  focus  of  it  j 
*  and  applying  the  eye  clofe  to  it  on  the  other  fide, 
at  O,  and  looking  thro*  the  lens  ;  and  it  will  view 
the  objed  diftindlly  and  magnified.  Or  if  the  fo- 
cus is  not  known,  move  the  objedt  to  and  fro',  till 
it  appears  mofl  diftindly  ;  and  then  it  is  in  the  fa- 
cus  ;  and  therefore  the  rays  will  be  refracted  paral- 
lel to  the  eye. 

In  this  microfcope,  put  D  —  the  leafl  diflance, 

that  the  naked  eye  can  fee  diftindlly  \  then  the  mag- 

P  3  nifying 
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^S*  nifying  power  of  the  microfcope  is  ^ — .    And  it 

122*  v,A*-i 

is  feen  dired. 

For  the  rays  from  P  and  R  enter  the  eye  under 
the  angle  PLK,  but  to  the  naked  eye  the  objed 
appears  under  the  angle  which  PR  fubtends  at  the 
diftance  D.  And  thefe  angles  are  reciprocally  as 
the  diltances  D  and  QL.  And  therefore  the  appa^ 
rent  magnitudes  are  in  that  ratio. 

If  the  lens  L  was  taken  away,  and  a  plate  with 
a  fmall  hole  in  it  put  in  its  place  ;  the  objed  PR 
will  appear  under  the  fame  angle  PLR  as  before. 

Otherwife  thus, 

j2^.  Since  lenfes  cannot  be  formed  fmall  enough  to 
'^' view  very  minute  gbjeds ;  there  is  a  neceffity  of 
making  ufe  of  very  fmall  fpheres  for  that  purpofe. 
Let  ABD  be  a  fmall  fphere,  C  its  center,  PQR  an 
objed,  placed  in  the  focus  Q,  where  AQ^ir  fAC. 
Then  applying  the  eye  clofe  behind  the  fphere,  it 
will  fee  the  objeft  magnified.  For  the  rays  flow- 
ing from  the  focus  Q,  and  falling  on  the  fphere, 
will  emerge  parallel  to  the  eye,  and  the  obje6t  will 
appear  diftindl,  and  eredb. 

If  D  be  the  leaft  diftance  that  the  naked  eye 
can  fee  diftinftly  j  then  the  magnifying  power  will 

be  ---- 
CQ, 

For  drawing  PCG,  RCF  thro'  the  center  C,  thc^ 
rays  from  P  and  R  come  to  the  eye  under  the  an-' 
gie  FCG  or  PCR.  And  that  angle  is  to  the  angle 
which  the  objed  appears  under  at  the  diftance  D, 
as  that  diftance  D  to  CQ  j  and  therefore  that  is  the 
ratio  of  the  magnifying  power. 

Whence  this  fphere  has  the  fame  magnifying 
power  as  a  lens  whofe  focal  diftance  is  CQ.  But 
thefe  fpheres  are  inferipr  to  lenfes  j  becaufe  in  the 

lens 
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lens  the  objed  is  three  times  as  far  diftant  from  it,  Fig. 
as  it  is  from  the  fphere ;  for  which  reafon  the  123. 
fphere  hides  almofl  all  the  light  from  the  obje6b. 

Thefe  fpheres  are  fixt  between  two  brafs  plates, 
or  rather  one  plate  doubled  in  the  middle ;  and 
having  a  fmall  hole  drilled  through  it,  to  take  up 
about  thirty  degrees  of  the  fphere;  and  in  this 
hole  the  iphere  is  lodged. 

Otherwife  thus, 

AB  is  a  tube,  having  a  fmall  lens  or  fphere  fixt  124. 
in  the  end  A,  and  the  end  B  mull  be  covered  with 
a  very  thin  paper.  P  is  the  obje6l„  which  mufl 
be  placed  a  little  further  off  than  the  focus  ;.  fo 
that  the  other  focus  (conjugate  to  P)  may  fall  juft 
on  the  paper  at  B  ;  which  is  eafily  known  by  mov- 
ing P  back  and  forward,  till  the  image  at  B  be 
diftindl,  where  it  will  appear  magnified,  in  the  ra^ 
tio  of  the  length  of  the  tube  to  the  focal  diftance 
of  the  glafs  fphere  or  lens,  and  inverted.  The 
objed  P  ought  to  be  illuminated. 

A  microicope  may  be  made,  by  placing  twa 
piano  convex  glalfes  in  a  frame,  to  touch  at  their 
convex  furfaces.  This  will  Ihew  the  objeds  flat 
and  not  crooked. 

Car.  I.  In  Jingle  micro f copes ^  the  ohje5l  will  he 
equally  dijiin5f^  when  the  apertures  are  as  the  focal 
dijiances. 

For  then  they  are  fimilar  parts  of  the  whole 
fpheres,  and  confequently  there  is  the  fame  fepara- 
tion  of  the  rays  in  both,  upon  which  the  indiftind- 
nefs  depends. 

Cor.  2.  ^he  magnifying  power  of  a  Jingle  lens  is 
reciprocally  as  the  focal  diftance  \  or  it  is . 

For  D  the  diftance  to  fee  diftindly,  is  given., 
P  4  Cor. 
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Fig.      Cor.  3.  ^n  dje^  would  appear  as  great  to  the 
122.  naked  eye  as  thro"  a  Jingle  microfcope^  if  it  was  placed 

at  the  focal  dijlance  from  the  eye^  and  the  eye  could  fee 

dijlin5liy  at  that  dijiance. 

For  then  D  :::i  QL,  and  the  magnifying  power 

— ^  is  I  ;    and  it  would  appear  under  the  fame 
angle  to  the  naked  eye  as  thro'  the  microfcope. 

Cor.  4.  The  brightnefs  of  an  ohje5l  feen  through  a 
Jingle  microfcope  is  as  the  fquare  of  the  aperture^  di- 
vided by  the  fquare  of  the  focal  dijiance. 

For  the  focal  diftance  and  aperture  being  fup- 
pofed  in^  given  ratio,  the  angle  which  the  glafs 
fubtends  at  the  focus  is  given,  and  confequently 
the  quantity  of  light  contained  in  that  angle  (or  in 
a  cone  described  by  its  revolution)  will  be  given. 
But  when  a  given  quantity  of  light  enters  the  eye, 
the  brightnefs  of  the  image  will  be  reciprocally  as 
its  bignefs,  that  is  reciprocally  as  the  fquare  of  the 
magnifying  power,  or  reciprocally  as  the  fquare  of 
the  focal  diftance.  Now  increafe  the  aperture,  and 
the  light  will  be  increafed  in  the  ratio  ot  the  fquare 
of  the  diameter  of  the  aperture. 

Cor.  5.  The  more  convex  the  lens  is,  the  greater  is 
the  image  -,  but  then  it  is  alfo  the  more  obfcure.     And 
therefore  we  cannot  magnify  as  far  as  we  pleafe^  un-- 
lefs  more  light  be  borrowed  to  illuminate  the  obje^\ 
and  that  would  fail  ht  loft. 

For  the  power  of  the  microfcope  would  be  li- 
mited by  the  breadth  of  the  pencils,  that  enter  the 
pupil,  and  thefe  are  equal  to  the  breadth  of  the 
aperture  ;  and  if  that  be  lefs  than  -^  or  4.  of  a  line ; 
the '  edges  of  the  objedt  will  begin  to  appear  in- 
<iiftind:.  And  to  preferve  the  fame  diflin6lnefs, 
the  aperture  cannot  be  increafed,  but  muil  be  in  ^ 
given  ratio  to  the  focal  diil^ce, 

S  CH  6- 
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Fig. 
Scholium. 

There  is  a  way  to  make  water  microfcopes,  i24> 
which  is  thus ;  take  a  thin  brafs  plate,  and  dril  a 
hole  in  it,  about  the  30th  part  of  an  inch.  Then 
take  a  little  water  upon  the  point  of  a  needle  or 
pin,  and  fill  the  hole  with  it,  and  this  water  will 
form  a  double  convex  lens  or  fphere.  Then  a 
fmall  objed  being  placed  upon  a  thin  glafs,  fixed 
in  the  other  end  of  the  brafs  turned  up,  and 
drawn  into  the  focus  by  a  fcrew.  Then  the  objed: 
will  appear  magnify'd  thro'  the  drop  of  water^ 
more  or  lefs  according  to  the  fmallnefs  of  the  hole. 
But  this  fphere  of  water  will  exhale,  and  vanilh 
away  in  a  little  time. 

If  an  obje6t  be  ilhiminated  by  fome  homogeneal 
colour  in  a  dark  room,  the  microfcope  will  bear 
a  deeper  charge  and  a  larger  aperture,  with  dif- 
tindnefs. 

To  make  the  little  glafs  fpheres  for  microfcopes. 
Take  fome  fmall  pieces  of  broken  glafs,  and  hold 
them  in  the  blue  fiame  of  a  candle,  till  they  be 
red  hot,  and  run  into  globes,  or  rather  in  a  lamp 
made  with  redtified  fpirit  of  wine,  with  a  wick 
made  of  filver  wire  laid  clofe  together.  Any  fmall 
piece  of  glafs  taken  upon  the  end  of  a  filver  needle 
wetted  with  fpittle,  and  this  held  in  the  flame  till  it 
is  melted,  and  becomes  round,  then  it  muft  be  im- 
mediately taken  out  and  cooled.  Or  take  a  clear 
piece  of  glafs  and  heat  it  in  the  lamp,  and  draw 
it  out  into  a  long  thread  ;  then  holding  the  end 
of  the  thread  in  the  flame,  till  it  run  into  a  round 
globule  hanging  at  the  end  of  the  thread ;  it 
mufl:  then  be  taken  out.  Thefe  will  magnify 
vafl:ly  if  they  are  as  big  as  a  grain  of  mufliard  feed, 
or  of  a  fmall  pin  head.  The  chief  ufe  of  thef^ 
globules,  is  to  look  at  tranfparent  particles  of  mat- 
ters 
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Fig.  ter  j  and  the  leaft  globules  have  the  greatefl:  power 
of  magnifying. 

Drops  of  liquors  which  are  to  be  viewed,  muft 
be  fpread  upon  a  thin  glafs,  contrived  to  flidc 
every  way,  that  all  the  parts  of  it  may  be  brought 
fucceflively  to  the  focus. 

By  help  of  thefe  inftruments  one  may  fee  the 
circulation  of  the  blood  in  animals  j  the  animal- 
cula  that  fwim  in  drops  of  water  impregnated 
with  ginger,  pepper,  and  fuch  like  things  ;  alfo  in 
vinegar.  Their  forms  are  various,  and  their  mo- 
tion odd  and  furprifing ;  thefe  in  vinegar  are  like 
eels,  and  fwim  like  them  ;  and  generate  their  own 
kind.  It  is  likely  thefe  animals  are  drawn  out  of 
the  air  by  the  fmell  of  the  infufion  in  which  they 
are  found.  For  none  appears  in  a  vefTel  that  is 
clofe  covered.  Milk  appears  to  confift  of  tranfpa- 
rent  globules,  fwimming  in  a  tranfparent  liquor, 
but  of  a  different  degree  of  refra6tion.  The  ani- 
malcula  that  fwim  in  water  are  of  a  globular  form, 
but  tranfparent  -,  they  have  two  motions,  one  pro- 
greflive,  and  the  other  a  rotary  one;  they  are  ex- 
ceedingly fmall,  30,000  of  them  being  but  equal 
to  a  grain  of  fand.  In  rivers  after  rain  there  are 
plenty.  Rain  water  has  many,  and  fnow  water 
more.     The  dew  and  the  air  is  full  of  them. 

P  R  O  B.      XX. 

7*0  make  a  cem^ound  Microfcope  with  two  or  more 
tonvex  lenfes, 

125.  Let  the  microfcope  be  made  with  the  two  lenfes^ 
A  and  B  ;  A  the  objed  glafs,  which  mull  be  a 
very  fmail  one,  and  very  convex  ;  F  its  focus.  B 
the  eye  glafs,  being  larger  than  the  other.  PR  is 
the  obje6t,  which  muft  be  placed  a  little  beyond 
the  focus  F,  of  the  glafs  A.    Make  QF,  QA, 

Q4 
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Q^  continual  proportionals;  and  make  q  the  Fig. 
focus  of  the  glafs  B.  Alfo  make  A^  AB,  AO  125. 
continual  proportionals,  and  O  is  the  place  of  the 
eye,  where  looking  thro'  the  glafs  B,  it  will  fee  the 
objed  at  q  inverted.  Thefe  glaffes  are  inclofed  in 
a  tube,  which  may  be  brought  nearer,  or  fet  fur- 
ther from  the  objedt  PR,  as  there  is  occafion,  by 
Hiding  within  another  tube.  Generally  there  are 
feveral  fizes  of  the  lens  A,  fixt  in  little  cells  or  but- 
tons, which  fcrew  upon  the  end  of  the  tube,  as 
one  has  occafion  to  ufe  a  greater  or  lelTer  magni- 
fier. The  obje6ts  are  laid  on  thin  pieces  of  glafe 
or  talk,  to  which  they  cleave,  and  thefe  are  fixed 
in  Aiders,  to  be  ufed  occafionally.  It  is  beft  to  fet 
the  tube  upright,  and  look  down  perpendicularly 
upon  the  objedt,  thro'  a  fmall  aperture  made  at  O* 
There  is  a  concave  or  convex  glafs  in  moft  of  thefe 
machines,  to  throw  light  upon  the  objed  PR. 

Since  QF,  QA,  Q^,  are  in  continued  propor- 
tion, Q^and  ^,  are  conjugate  foci ;  (by  Prop.  XXI. 
B.  III.)  and^r  is  the  image  of  PR.  And  fince  q 
is  the  focus  of  B  ;  the  rays  flowing  from  pr^  and 
refraded  by  B,  will  emerge  parallel  to  the  eye  at 
B  \  where  it  will  fee  the  image  pr  diftindl,  and  in 
a  contrary  pofition  to  PR.  Likewife  fince  A^, 
AB,  AO  arc  continual  proportionals,  A  and  O  are 
conjugate  foci  •,  and  (by  Prob.  III.)  therefore  O  is 
the  place  where  all  the  pencils  meet,  and  confe- 
quently  is  the  place  of  the  eye,  to  fee  the  moft  of 
the  objedt. 

If  D  zz  the  leaft  diftance  the  naked  eye  can 
fee  diftinclly,     then    the  magnifying    power    is 
DxgA 

5B  X  QA  ' 

For  in  the  fingle  microfcope  B  (Prob.  XIX.), 
the  image  pr  is  magnified  in  the  ratio  of  D  to  ^B. 
And  by  the  lens  A,  the  objed  PR  is  magnified 
(to  pr).  in  the  ratio  of  Aq  to  AQ,    (by  Prop. 

XXXIU 
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Fig.  XXXII.  B.  III.) ;  therefore  the  whole  magnifying 

'*^^*  power  is 2  .     Alfo  fee  the  Corollaries  of 

^  jBxAQ 

Prob.  II. 

To  fuit  the  microfcope  to  fliort-fighted  people^ 
the  glafles  A  and  B  muft  be  placed  a  little  nearer 
together,  that  the  rays  of  each  pencil  may  come  a 
little  diverging  to  the  eye. 

The  lens  B  muft  be  greater  than  A,  otherwifc 
many  of  the  rays  pafling  from  the  obje6b  through 
A,  would  mifs  B  ;  therefore  it  muft  be  broad  to  re- 
ceive them ;  and  the  axes  of  all  the  pencils  will 
meet  at  O.  This  conftrudion  is  nearly  the  fame 
as  in  the  aftronomical  telefcope ;  only  the  obje(fl 
glafs  A  is  here  lefs  than  the  eye  glafs,  which  muft 
be  greater  in  the  telefcope. 

In  many  of  thefe  forts  of  microfcopes,  there  arc 
two  eye  glafles ;  and  the  middle  one  is  the  largeft ; 
and  is  placed  before  the  image  />r,  between  q  and 
A.  By  this  means  the  microfcope  receives  more 
light.  And  thefe  two  eye  glafles  bring  the  rays 
fooner  to  a  focus,  and  gives  a  larger  view  of  the 
objedt. 

Cor.  I.  *The  magnifying  power  of  a  double  mi- 
tr of  cope  AB,  is  — ^i — .     And  is  fomething  leffer  in. 

a  treble  microfcope :  which  is  fhorter^  where  D  is  the 
diftance  to  which  the  eye  can  fee  dijtin^fy* 

Cor.  2.  ne  apparent  brightnefs  of  an  object  PR> 

A*  X  ^B* 

is  as 1:2 —  ;  putting  A  for  the  aperture  of  the  ob- 

je£f  glafs  A. 

For  the  light   falling  upon   A  in    the  plane 

PAR,  is  as  the  angle  it  fubtends  at  Q,  that  is,  as 

A  AA 

-—-.  i  and  that  cone  of  light  is  as ;  and  thar 

AQ'  ,     ^  AQ; 

light 
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light  is  tranfmitted  to  the  image  pr,  and  fo  to  the  Fig. 
bottom  of  the  eye  ;  and  its  brightnefs  there  will  be  i25» 
as  the  denfity,  or  reciprocally  as  the  area  of  the 
image;    that   is,    reciprocally   as  the  magnifying 
power.  Therefoi-e  the  brightnefs  is  as  thefquare  of 

r-^r-  X  -~ —^  ;  that  is,  becaufe  D  is  given,  as 

AQ^        D  X  A^  ^ 

the  fquare  of ?. 

Cor.  3.  'iThe  vifual  angle  is  as  the  breadth  of  the 
eye  glafs. 

For  if  the  eye  glafs  be  contradled,  fome  of  the 
extreme  rays  will  mifs  it,  and  fo  the  view  is  con- 
traded. 

Cor.  4.  //  is  found  by  experience^  that  a  double  ml- 
(rofcope  performs  well  when  the  aperture  of  A  is  -^ 
f>f  an  inch^  AF  zz  4^,  Aq  ■=.  7,  and  Bq  zi  2.  Afid 
the  magnifying  power  —  36. 

Scholium. 

Altho'  the  aberration  occafioned  by  the  figure  of 
the  glafs  is  of  no  moment  in  telefcopes,  when  com- 
pared with  the  aberration  arifing  from  the  different 
refrangibility  of  the  rays ;  yet  in  fuch  fmall  lenfes 
as  are  ufed  for  microfcopes,  where  the  apertures 
are  large,  in  refped  to  the  focal  diflance  ;  the 
aberrations  by  the  figure  become  fenfible,  and  of- 
ten caufe  the  image  to  be  indiflind.  For  example^ 
let  there  be  a  fmgle  microfcope,  whofe  lens  is  -^ 
of  an  inch  in  breadth,  and  its  focal  diflance  near 
4o*  Then  (by  Cor.  6.  Prop.  XLI.  B.  III.)  the 
aberration  by  the  figure,  will  be  to  the  aberration 
by  the  colours  ;  as  232  to  256,  almofl  equal.  So 
that  in  fmall  lenfes,  the  indiftindnefs  is  caufed  by 
both  forts  of  aberration,  and  therefore  cannot  well 
lie  brought  under  any  rule. 

A  fmall 
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Fig.      A  fmall  aftronomical  telefcope  may  be  turned 

125.  into  a  microfcope,  by  drawing  the  eye  glafs  fome- 

thing  further  from  the  objedt  glafs ;  and  looking 

thro'  it  the  contrary  way,  at  the  obje6t  placed  near 

the  end  of  it. 

PRO  B.    XXL 

To  make  a  refieEiing  microfcope. 

126*  Let  FG  be  a  refleding  metalline  concave,  whofc 
focus  is  P,  BC  a  refrading  lens  for  the  eye  glafs, 
placed  upon  the  fame  axis.  O  an  objed,  placed 
near  the  focus  O.  Take  PO,  PV,  PA  continually 
proportional,  and  place  the  lens  BC  fo,  that  A 
may  be  its  focus.  Then  take  VA,  VE,  VI,  con- 
tinually proportional,  and  I  is  the  place  of  the  eye, 
which  thro'  the  eye  glafs  BC,  will  fee  the  objedt  at 
A  diilindt,  inverted  and  magnified. 

For  O  and  A  being  conjugate  foci,  the  object 
at  O  will  be  reprefented  at  A  inverted.  And  A 
being  the  focus  of  BC,  the  rays  flowing,  from  A 
will  emerge  from  BC  parallel  to  the  eye  at  I,  and 
caufe  diftin(5t  vilion. 

The  eye  glafs  E  is  inclofed  in  a  tube  KL,  which 
Hides  within  another  KH,  which  is  clofe  as  far 
as  DH,  but  open  in  the  fpace  DFGH,  to  let  the 
light  in  upon  the  objed  O.  A  ftop  muft  be  kt 
at  A  to  cut  off  the  ftraggling  rays.  To  illuminate 
the  objedb,  it  will  be  proper  to  throw  the  light 
upon  it,  with  a  concave  refledor. 

Cor.   I.  If  D  h  the  leafl  diflance  that  the  eye  carir 
fee  diftin5ily  (as  eight  inches)  j  then  the  magnifying 
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For  the  objedl:  is  magnified  at  A,  in  the  ratio  Fig. 
—  (by  Prop.  XVI.  B.  II.)  and  this  image  at  A  ^^^' 

is  again  magnified  by  the  lens  BC,  in  the  ratio  -— ; 
(by  Cor.  2.  Prob.  XIX.) 

Cor.  2.    'I'ife  apparent  hrightnefs  in  fever al  microf- 

AA^AE* 
copes  Js  as --1 .     Where  A  is  the  aperture  of 

FG. 

For  the  light  falling  on  FG,  is  as  the  fe6tion  of 

AA 
the  cone  FOG,  or  as ;  and  that  lip;ht  carried 

to  the  image  at  A,  and  thence  to  the  eye,  has  the 
brightnefs  diminilhed  in  the  ratio  of  the  area  of 
the  image  in  the  eye,  or  as  the  magnifying  power. 
Therefore    the    brightnefs    is    as    the   fquare   of 

Ax  y£>l^  or  of  ^^  or  of  ^^. 
VO      VAxD  VAxD  VA 

Cor.  3.  It  is  found  by  experience^  that  a  mi  cr  of  cope 
anfwers  very  well^  that  has  the  following  dimenfions\ 
FG  =  I  inch,  VP  =  1,  AE  :=  1-  PO  =tV  ^V. 

Scholium. 

A  refle6ling  microfcope  may  alfo  be  made  after 
\  the  manner  of  the  Gregorian  telefcope,  with  two 
\  concave  fpeculums,  the  obje6t  being  placed  with- 
out the  tube  at  a  fmall  diftance  from  the  end  of  it. 
Or  it  may  be  made  after  the  form  of  Mr.  CalTa- 
grain's  telefcope,  with  a  concave  and  a  fmall  convex 
refledtor  ;  and  the  objedt  to  be  placed  between  the 
principal  focus  and  center  of  the  large  concave, 
and  a  little  without  the  fmall  refledtor ;  and  then 
each  of  the  refledors  muft  have  a  hole  made  thro' 
it,  to  let  the  rays  pafs  from  the  objed.  / 

PROB. 
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Fig. 

P  R  O  B.     XXII. 

To  make  nfolat  microfcope. 

The  ufe  of  this  inftrument  is  to  magnify  tranft 
parent  objedts  which  are  very  fmall ;  and  to  ex- 
pofe  them  to  view  by  the  help  of  the  fun's  light 
thrown  upon  them,  and  cafling  their  image  on  the 
oppofite  wall  of  the  room. 
J 2 7,  The  conftrudlion  is  this;  CD  is  a  microfcope 
'  glafs,  F  its  focus,  its  focal  diftance  GF,  which 
may  be  ^  of  an  inch  or  4-  an  inch.  The  glafs  CD 
is  fixt  in  the  tube  EK,  which  Aides  within  another 
tube  HI  about  two  inches  diameter,  and  eight  or 
ten  inches  long.  O  is  a  very  fmall  objed,  placed  on 
a  flip  of  Mufcovy  glafs  or  talk,  in  a  flider,  which 
goes  thro' the  tube  HI,  where  a  flit  is  made  on  each 
fide  to  receive  it.  By  Hiding  the  tube  EK  con;  ain- 
ing  the  microfcope  glafs  CD,  within  the  other  tube 
Hi  back  and  forward,  the  glafs  is  fet  to  any  dif- 
tance from  the  objedt  O,  which  is  to  be  placed  fome- 
thing  beyond  the  focus  F.  The  place  of  the  ob- 
je6l  O,  is  adjufled  thus ;  let  L  be  the  oppofite 
wall  of  the  room ;  make  OF,  OG,  OL  continual 
proportionals ;  and  O,  L  will  be  conjugate  foci, 
by  Prop.  XXL  B.  III. 

To  illuminate  the  objed,  a  lens  AB  is  fixt  in 
the  end  of  the  tube  HI,  to  coUedt  the  fun  beams, 
and  throw  them  upon  the  object  at  O,  which  muft 
be  placed  between  the  glafs  AB  and  its  focus  -,  for 
if  the  objed  was  in  the  focus  of  CD  it  would  be 
burnt  or  difperfed  by  two  much  heat. 

This  inftrument  is  only  ufed  in  a  dark  room, 
to  which  purpofe  the  end  of  the  tube  HI  goes  thro' 
a  ball  and  focket,  which  fits  into  a  hole  in  the 
window  fhut  MN ;  then  the  tube  being  direded 
towards  the  fun ;  the  lens  AB  will  caft  the  fun's 

rays 
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rays  upon  the  objeft  at  O,  by  which  it  is  flrongly  Fig. 
illuminated.  Then  rays  flowing  from  it  as  a  iu-127. 
minous  body,  will  be  refraded  by  the  lens  CD, 
and  converge  to  L,  where  it  will  paint  the  image 
of  that  body.  For  O  and  L  being  conjugate  foci, 
the  image  will  appear  dillincl  at  L.  And  there- 
fore the  tube  EK  mull  be  ilid  in  or  out,  till  the 
image  at  L  appears  diftinfl:. 

There  is  a  contrivance  of  placing  a  looking- 
glafs  without  the  hole  of  the  window  fliut,  which 
may  be  fet  at  any  angle.  And  by  turning  fome 
fcrews  or  pins,  it  is  fet  to  fuch  an  angle  as  to  re- 
fiedt  the  fun's  rays  horizontally  thro'  the  tube  5  fo 
that  it  need  not  be  elevated  to  the  fun. 

By  the  help  of  this  inftrument  may  be  viewed 
the  animalcula  in  pepper  water,  in  vinegar,  or  any 
other  liquor ;  and  likewife  any  other  fmall  animals 
that  are  tranfparent. 

It  is  by  the  means  of  the  fun's  light  that  the 
pidure  at  L  becomes  vifible  ;  for  feeing  it  is  very- 
much  magnified ;  the  brightnefs  would  decreafe 
in  proportion  to  its  magnitude,  and  it  could  not 
be  feen  at  all  with  common  light. 

Any  objed  O  is  magnified  in  proportion  of 
GL  to  GO,  or  the  diftance  of  the  image  from 
the  lens  CD,  to  the  diftance  of  the  obje6l  from  it. 
And  therefore  the  fmaller  the  lens  CD  is,  or  the 
leffer  FO  is,  the  more  the  objed  will  be  magnified. 

P  R  O  B.      XXIII. 

^0  make  a  magic  Lanthorn, 

ABPQR  is  a  tin  lanthorn  a  foot  diameter;  or  ^^°* 
it  may  be  a  fquare  box  of  wood ;  HI  a  round 
tube  four  inches  diameter,  and  eight  inches  long, 
fixt  in  !:he  fide  of  it.  CK  another  tube  four  inch- 
es long.  Hiding  within  the  firft,  and  having  a 
Q  convex 
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Fig.  convex  lens  D  of  three  inches  focus,   fixed  in  it. 

128.  O  an  obje6t  whofe  image  is  to  be  projected  on 
the  oppofite  wall  of  the  room  at  L.  F  is  the 
focus  of  D,  and  O  is  to  be  placed  beyond  F,  fo 
that  OF,  OD,  OL,  be  continual  proportionals; 
and  then  L  will  be  the  place  of  the  image.  This 
inftrument  is  only  ufed  in  a  dark  room;  and  to 
illuminate  the  object,  a  candle  or  lamp  is  {et  at  E, 
and  a  concave  refledlor  GN  placed  on  the  oppo- 
fite fide ;  fo  that  its  vertex  may  be  in  the  fame 
line  with  E,  O,  F,  D ;  and  that  E  and  O  may  be 
conjugate  foci,  to  the  refledtor. 

The  objedi:  at  O  is  generally  fome  ludicrous  or 
frightful  figure,  on  purpofe  to  divert  the  fpe6tators, 
it  is  painted  upon  a  piece  of  plain  thin  glafs,  in 
dilute  and  tranfparent  colours  ;  for  if  they  were 
opake  they  could  not  be  reprefented  at  the  focus 
L.  They  are  befl  done  with  oil  of  fpike,  mixt 
with  feveral  forts  of  colours;  they  penetrate  the 
glafs  and  dry  prefently.  The  pieces  of  glafs  the 
figures  are  painted  on,  are  put  into  Aiders,  three 
of  them  in  one  Aider ;  which  are  to  be  put  in  at  a 
flit  at  O  in  the  tube  HI,  when  ufed,  and  in  an  in- 
verted pofition  ;  they  muft  be  placed  in  a  line  be- 
tween E  and  D.  Small  living  animals  may  alfo  be. 
ufed ;  and  fome  of  them  make  a  moft  terrible  ap- 
pearance. 

This  machine  carried  into  a  dark  room,  and  fet 
on  one  fide,  and  the  candle  or  lamp  E  being  light- 
ed, and  the  box  made  clofe,  the  candle  partly  by 
its  diredl  light,  but  more  by  that  reflected  from 
the  fpeculum  GN,  will  flrongly  illuminate  the  ob- 
ject at  O,  which  being  tranfparent,  the  light  will 
pafs  thro'  it,  and  being  refracted  by  the  lens  CD  to 
the  oppofite  wall,  will  give  there  the  image  ereft, 
becaufe  the  object  was  inverted.  If  the  image  at 
L  is  not  diftind;  then  to  adjuft  it,  draw  the  tube 
CD  a  little  in  or  out,  till  the  image  appears  dif- 

tindt, 
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tindl,  for  it  may  be  projecSled  to  any  diftance.     As  Fig. 
there  is  a  deal  of  fmoak  produced  within  the  Ian-  12^. 
thorn,  there  is  a  hole  R  at  the  top,  to  convey  it 
away. 

Inftead  of  the  concave  refiedor  GN,  one  may 
place  a  deep  convex  lens  AB,  in  the  end  of  the 
tube  HI,  which  will  throw  th^  light  of  the  candle 
upon  the  objefl  at  O,  and  illuminate  it.  Likewife 
one  may  place  two  lenfes  in  the  tube  CK,  which 
will  make  the  rays  converge  fooner  -,  and  then  there 
muft  be  placed  a  flop  between  them  with  a  hole  to 
let  the  light  thro',  and  cut  off  the  fuperfiuous  rays. 
The  whole  length  of  the  machine  may  be  about  a 
foot  and  a  half  long ;  and  the  focus  of  the  glafs 
CD,  Hx  or  eight  inches.  This  inilrument  and  the 
folar  microfcope  are  both  upon  the  fame  theory. 

P  R  O  B.     XXIV. 

7e?  make  a  Camera  Ohfcura  for  taking  the  draught 
,9f  a  country^  a  town^  or  any  buildings  &c. 

Let  ABCD  be  a  wooden  box,  about  a  foot  and  129 J 
a  half  fquare,  open  only  on  the  fide  AD  ;  and 
efgh  a  fmaller  box  about  fix  inches  fquare,  and  open 
only  on  the  under  fide  gh.  This  leffer  box  is  let 
into  a  hole  in  the  top  of  the  great  box  AB,  and 
made  clofe  and  fixt  there  •,  eopi  is  a  plain  refledtor 
or  looking-glafs,  nxt  diagonally  in  the  fmall  box, 
with  the  refledting  fide  downwards,  making  an  an- 
gle of  45  degrees  with  the  perpendicular  fide,  or 
face,  eh.  There  is  a  tube  K  going  thro'  the  fide 
eh  of  the  fmall  box,  which  Aides  in  and  out ;  in 
this  tube  is  contained  a  convex  lens  about  three 
inches  diameter,  and  focal  diftance  about  two  feet  5 
this  tube  ftands  even  with  the  middle  of  the  reflec- 
tor ep.  The  focal  diftance  of  the  lens  ought  to  be 
equal  to  the  height  of  the  middle  of  the  refiedor 
Q  2  above 
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Fig.  above  the  bottom  CD  of  the  great  box,  added  to 

129.  the  diftance  of  the  faid  middle  point  from  the  lens. 

On  the  top  of  the  fide  AD,  along  AL  there  hangs 

a  curtain  ;    by  the  help  of  this,  the  box  may  be 

made  entirely  dark  within. 

"When  this  machine  is  to  be  ufed,  it  is  carried 
into  the  fields,  to  the  top  of  a  hill,  or  fome  high 
piece  of  ground,  where  the  place,  whofe  draught 
is  to  be  taken,  may  be  fttn  to  the  beft  advantage. 
Then  placing  it  upon  a  table,  or  upon  a  frame 
made  on  purpofe  -,  fet  it  level  upon  its  bafe,  and 
let  it  exa(ftly  face  the  objeds  that  are  to  be  drawn. 
Then  the  draught's  man  is  to  put  his  head  and  his 
hands  into  the  open  fide  AD,  and  draw  the  cur- 
tain clofe  about  him,  that  no  light  get  in  ;  then 
laying  a  ftieet  of  paper  upon  the  bottom  CD,  and 
fattening  it  that  it  cannot  move  ;  fee  if  the  objeds 
appear  diilind  upon  the  paper  j  if  they  do  not, 
move  the  tube  a  little  inward  or  outward,  till  the 
obje<5ts  do  appear  diftindlly ;  and  then  it  is  time 
to  draw  the  pidures  of  the  objcds  within.  There- 
fore having  your  head  and  hand  in  the  box,  and 
the  curtain  clofe  drawn,  run  over  all  the  lines  of 
the  feveral  objedls,  as  they  appear  on  the  paper, 
with  a  black  lead  pencil,  or  one  of  chark ;  till 
you  have  gone  thro'  the  whole.  Then  you  may 
either  keep  the  draught  as  it  is,  or  run  the  lines 
over  again  with  ink,  and  then  it  will  fland  in  no 
danger  of  being  rubbed  out.  Thefe  inilruments 
generally  take  in  about  45  degrees. 

This  machine  is  on  the  fame  principle  as  that  of 
darkening  a  room,  and  letting  the  light  in  thro'  a 
lens  in  the  window  fhut.  For  here  the  rays  flow- 
ing from  any  objed,  are  refracted  by  the  lens  in 
the  tube  K,  and  would  paint  the  image  of  that  ob- 
jed,  in  its  focus ;  but  being  refleded  by  the  fpe- 
culum  ep,  diredly  down  to  the  bafe  DC,  they  will 
there  paint  the  image  thereof,  at  the  fame  diftance 

from 
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from  the  refledor,  as  it  would  have  been  beyoncj  Fig. 
it,  in  their  true  fituation,  and  proper  colours.  Here  129. 
the  lens  mufl  not  be  too  broad,  for  then  the  images 
will  not  be  diftindt ;  nor  fhould  it  be  too  narrow^ 
for  then  they  will  appear  dark.  And  of  all  things, 
a  clear  funlhiny  day  mull:  be  chofen  for  this  work, 
fo  as  to  ihine  on  that  fide  of  the  objeds  that  ap- 
pears to  your  view. 

Inftead  of  having  a  tube  with  the  lens  in  "the  fide 
of  the  box  -,  the  tube  may  be  fixt  perpendicular 
under  the  refledor,  and  then  the  rays  will  be  firfl 
refleded,  and  then  refraded.  This  requires  a 
greater  height  of  the  box  -,  but  all  the  effedls  will 
be  the  fame, 

Alfo  inftead  of  having  the  fide  AD  open,  one 
may  have  it  clofe,  and  near  the  bottom  make  a 
hole  to  put  the  hand  thro'  with  a  pencil  ^  and  near 
the  top  make  another  hole  to  look  thro  •,  and  there 
the  fide  of  the  box  fhould  be  flanted  off.  The  part 
where  the  hand  goes  thro',  fhould  Aide  back  and 
forward,  that  the  hand  may  move  to  any  part  o£ 
the  paper. 

PRO  B.     XXV. 

^0  make  a  'portable  Camera  Ohfcura^  to  view  dijkint 
thje5fs. 

ABCD  is  a  fquare  box  eight  inches  long,  open  130^ 
at  top  and  on  the  fide  AD.  ALMD  a  fquare  hol- 
low fruftum  of  a  pyramid  ^yt  inches  long,  fixed 
clofe  to  the  fide  AD  of  the  box.  la  the  end  of 
this  pyramid  L/M,  there  flides  a  tube  KI,  in  which 
is  fixt  abroad  convex  lens,  whofe  focus  is  near  the - 
end  EC.  FG  is  a  plain  refledor  or  looking -glafs 
going  diagonally  thro'  the  box,  and  is  fet  to  an  an- 
gle .of  45  degrees.  EB  is  a  glafs  plane,  having  the 
upper  fide  unpolifhed ;  AH  is  a  lid  that  opens  up 
v\rhen  the  machine  is  ufed ;  this  lid  has  two  wings, 
0^3  one 
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Fig.  on  each  iid«,  hanging  perpendicularly,    and  they 
130.  reft  upon  the  fides  of  the  box  when  the  lid  is  up  ; 
and  ferve  to  ihade  the  image,  made  in  the  rough 
glals  EB,  from  the  light. 

When  this  inftrument  is  ufed,  the  lid  is  opened^ 
and  the  fide  AD  fet  towards  the  objed.  Thea^ 
the  rays  coming  from,  thence,  are  refraded  by  thc^ 
lens  in  the  tube  KI,  and  would  form  the  image 
upon  the  fide  BC  ;  but  being  refieded  upwards  by 
the  looking-glafs  FG,  they  form  the  image  upon 
the  glafs  plane  £B,  with  the  right  end  uppermoft, 
when  one  faces  the  objeds  ;  but  the  left  fide  is  to 
the  ri-^ht,  and  the  right  to  the  left  •,  where  it  may 
be  feen  diltindly  with  the  eyes.  If  the  image  does 
not  appear  diftind,  draw  the  tube  KI  out  or  in, 
gradually,  tilJ  it  does  appear  diftind.  Then  the 
image  may  be  traced  out  on  the  glafs  with  a  black 
lead  pencil.  This  operation  is  beft  performed, 
•    when  there  is  a  ftrong  funftiine  upon  the  objeds. 

Or  thus^ 

i^ii  ABCED  is  a  cheft  in  form  of  a  long  parallelo- 
pided,  nine  inches  broad,  and  two  feec  long ;  in 
the  end  AC  is  a  tube,  with  two  convex  glafles  F, 
G  ;  this  tube  miay  be  drawn  out  or  put  in,  at  plea- 
fure.  H  is  the  focus  of  the  lens  F,  and  FH  its 
focal  diftance  •,  alfo  HG  is  fomething  lefs  than  twice 
the  focal  diftance  of  the  lens  G.  The  lenfes  F,  G 
ought  to  be  pretty  broad,  the  diameter  of  F  about 
^ ;  of  G,  ^-o  of  a  foot.  IKLM  is  an  oiled  pa- 
per, or  a  plane  glafs,  parallel  to  the  end  DE,  and 
whofe  diftance  from  the  lens  G  is  fomething  more 
than  twice  its  focal  diftance,  and  from  the  end  DE, 
fix  or  eight  inches.  N  is  a  flit  big  enough  to  look 
thro'  with  both  eyes.  The  whole  cheft  is  clofe  and 
dark  within  ;  no  light  entering,  but  what  comes 
thro'  the  tube.  To  make  the  rays  converge  fooner, 
three  lenfes  may  be  ufed. 

Then 
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Then  the  tube  being  direfled  to  any  obje£ls,  the  Fig. 
rays  of  light  proceeding  from  them,  will  be  re- 131, 
fraded  by  the  lens  F  to  its  focus  H,,  where  the 
images  will  be  made,  and  from  thence  palfTing  thro*' 
the  Tens  G,  will  be  refradled  again  to  their  focus  . 
upon  the  paper  IKLM,  being  the  conjugate  focus 
to  H ;  and  therefore  a  perfon    looking  in  at  the 
flit  N,  will  perceive  them  painted  upon  the  paper 
in  their  true  and  natural  pofition.     If  the  irnagea 
appear  not  dillincl,  draw  the  tube  FG,  in  or  our,, 
till  they  are  fo. 

Scholium. 

The  pi<5lures  of  external  objedls  may  be  made 
in  a  dark  room,  by  holding  a  concave  fpeculum 
diredly  before  a  fmall  hole  in  the  window  fhut,  at 
a  diflance  equal  to  the  focal  diftance.  For  the 
Ipeculum  will  paint  the  images  upon  the  window 
mut,  or  a  paper  held  there,  but  inverted. 

Or  the  pidures  of  objeds  may  be  made  in  a 
<lark  room  with  a  convex  lens  placed  in  the  window 
fhut,  or  in  a  iky-optic  ball  which  goes  into  a  hole 
in  the  window  fnut  •,  but  then  the  images  will  be 
inverted.  But  receiving  them  upon  a  white  apron, 
and  looking  down  at  them,  they  appear  ered. 

But  to  have  them  direct,  hold  a  plain  refledor, 
fianting  from  the  lower  fide  of  the  hole,  upwards, 
to  refiedt  the  light  upwards ;  and  Handing  with 
your  back  to  the  window,  you'll  fee  the  images 
upon  the  cieiing,  or  on  a  paper  held  at  a  proper 
diftance  above  the  refledor,  in  their  proper  fitua- 
tion.     This  is  like  fig.  130,  in  this  Problem. 

Or  thuSy 
Place  the  refledor  in  a  contrary  pofition ;  that 
is,  clofe  to  the  lens  on  the  upper  fide,  and  fiant- 
ing downwards  -,  and  it  will  proje6b  the  images 
upon  a  horizontal  paper  near  the  floor,  in  their 
proper  fituation  ♦,  which  may  be  fcen,  by  fi:anding 
0^4  with 
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Fig.  with  the  back  towards  the  window,  for  this  has 
131  the  fame  efFed,  as  fig.  129,  in  Prob.  24. 

Thefe  tv/o  iaft  methods  are  preferable  in  this, 
that  they  reprefent  objedls  in  their  natural  fituation. 
But  they  have  this  difadvantage,  that  they  want 
light.  Therefore  one  muft  have  very  good  glalTes, 
a  dark  room,  and  a  flrong  funfhine  on  the  ob- 
jeds. 

PROB.      XXVI. 

^0  make  a  machine  to  magnify  a  perfpe5five  draught. 

Here  ABCDE  is  a  wooden  box  eight  inches 
^  *  fquare,  open  only  at  the  bottom  DI,  L  is  a  con- 
vex lens  three  or  four  inches  diameter,  and  about 
two  feet  focal  diftance  j  this  is  placed  in  the  fore- 
fide  of  the  box  CD  ;  alfo  CIEF  is  a  plane  reflec- 
tor, fet  at  an  angle  of  45  degrees,  and  with  the 
refledling  fide  downwards ;  G,  G,  G,  G,  are  the 
legs,  the  inilrument  ftands  on,  whofe  height  mufl 
be  fuch,  that  the  diflance  from  the  lens  to  the 
middle  of  the  refle6lor,  and  thence  to  the  bafe, 
muft  be  equal  to  the  focal  diftance  of  the  lens  j 
P  is  the  draught  to  be  viewed,  laid  on  the  bafe. 

When  you  would  view  any  draught  or  piece  of 
perfpe6live,  lay  it  flat  on  the  bafe  at  P,  with  the 
upper  end  towards  you,  and  looking  into  the  box, 
thro'  the  lens  L,  you  will  fee  it  diftindlly,  and 
magnified. 

For  the  rays  iifuing  from  the  draught  at  P,  be- 
ing placed  in  the  focus,  and  reflected  to  the  lens, 
and  then  emerging  parallel  to  the  eyes,  will  repre- 
fent the  objeds  vaftiy  diftant,  and  conlequently  as 
much  magnified ;  having  the  very  fam.e  appear- 
ance as  the  natural  objeds  themfelves  would  have. 
Only  the  right  hand  is  to  the  left,  and  the  left  to 
the  right. 

For 


126. 
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For  as  the  draught  is  turned  upfide  down,  it  Fig. 
will  appear  contrary  in  the  machine;  that  is,  it  132^ 
will  appear  the  right  way  up.  If  it  was  laid  the 
right  way  up,  the  right  fide  would  appear  to  the 
right  •,  but  as  it  is  wrong  way  up,  the  right  fide 
appears  to  the  left.  And  therefore  one  cannot 
read  any  writing  this  way,  unlefs  one  can  read  it 
backward.  ^ 

This  machine  is  the  fame  as  that  in  fig.  129, 
taking  away  the  box  ABD.  For  as  the  external 
objects  give  the  pidure  thereof  on  this  bafe  CD ; 
fo  on  the  contrary  the  pidlure  placed  there,  would 
fend  the  rays  back  again  to  the  feveral  objedbs  ;  but  - 
the  eye  takes  them  before  they  come  there,  and  they 
paint  their  images  upon  the  retina  \  but  upfide 
down,  becaufe  the  face  is  turned  the  contrary 
way. 

But  inftead  of  legs,  one  may  have  it  all  clofe  1 33.' 
below,  the  better  to  conceal  it ;  as  BH,  which  is 
a  hollow  box,  clofe  below,  but  above  having  the 
fame  apparatus  as  the  laft ;  at  the  bottom  a  dozen 
views  are  laid  flat  upon  one  another  at  P  ;  which'are 
all  fhewn  fucceflively,  and  then  drawn  back,  by 
the  rulers  jD,  into  the  part  GK  behind.  EG  a  thin 
cloth  to  let  the  light  thro' ;  which  is  fhut  by  the 
Aider  BE,  when  the  inflruraent  is  not  ufed.  There 
may  be  two  or  three  lenfes  L,  on  the  fide  CH,  for 
different  people  to  look  thro'  at  once  ^  which  are 
fhut  up  by  lliders  when  not  ufed. 

Otherwife  thus, 

ABE  is  a  woodea  box  open  on  the  top,  the  fide  134. 
AC  a  foot  long,  or  more,  and  ^Imofl  as  broad ; 
D  a  concave  refledor,  9,  10  or  12  inches  broad, 
fixt  perp.  with  its  back  leaning  a  little  againfl  the 
fide  BCK ;  its  focal  diflance  » 2  inches,  equal  to  the 
length  AC.  HG  a  flit  in  the  end  AE  to  look  thro'. 
EH,  FG  two  flops  or  bearers,  faflened  to  the  op- 

pofite 
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Fig.  pofite  fides  of  the  box,  againft  thefe  the  pidbure  or 

154.  draught  is  to  reft. 

When  a  piece  of  perfpedlive  is  to  be  viewed, 
you  muft  flide  it  down  upon  the  pieces  EH,  FG, 
as  low  as  the  flit,  and  with  the  right  end  upwards ; 
and  facing  the  refledtor ;  and  then  looking  in  at 
the  flit  HG,  it  will  appear  magnified  and  eredt, 
but  the  right  hand  will  be  to  the  left,  and  the  left 
to  the  right. 

For  fince  the  print  leans  with  the  upper  end  to- 
wards the  refledor,  and  the  refledtor  leans  a  little 
back,  the  rays  ifluing  from  the  picture  will  not  be 
refleded  back  upon  the  pidure,  but  will  pafs  be- 
low, thro'  the  flit  HG,  to  the  eye ;  and  the  pic- 
ture being  in  the  focus  of  the  refledor,  the  rays 
are  refleded  parallel  upon  the  eye,  and  therefore 
it  will  fee  the  pidure  diftindly,  and  very  much 
magnified. 

Or  thus. 
But  the  beft  way  of  all  is,  to  place  the  view  up- 
on a  table,  to  ftand  perpendicular  againft  a  wall, 
or  hang  it  on  a  pin  \  and  then  to  place  a  lens  at 
its  focal  diftance  from  it ;  then  looking  thro'  the 
lens,  you  will  fee  the  profped  in  its  natural  pofi- 
tion  every  way ;  and  magnified  fo  as  to  appear  like 
the  natural  place  itfelf ;  efpecially  if  the  view  be 
painted  in  its  proper  colours,  as  it  ought  to  be. 

To  have  the  profped  to  the  beft  advantage,  the 
lens  fliould  not  be  lefs  than  four  inches  diameter  ; 
and  two  feet,  or  two  feet  and  two  or  three  inches 
focal  diftance.  And  in  order  to  confine  the  view 
to  your  profped,  the  lens  fliould  be  fet  upright  in 
the  middle  of  a  little  box  or  tube  fix  or  eight  inches 
long ;  at  the  end  of  which,  a  flit  muft  be  made  an 
inch  wide,  to  look  thro*  with  both  eyes,  towards 
the  objed  ;  and  therefore  this  box  muft  be  placed 
horizontally  to  face  it.  The  pidure  fliould  be  fo 
large,  as  to  fubtend  an  angle  of  25  or  30  degrees, 

at 
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at  the  focal  diftance  of  the  glafs.     But  when  your  Fig- 
pidure  is  given,  you  muft  fuit  it  with  a  glafs,  fo 
that  the  focal  diftance  of  it,  may  be  about  twice 
the  breadth  of  the  pidure.     A  glafs  fhould  never 
be  of  ib  fmall  a  focal  diftance,  that  the  fcratches 
and  deformities  of  the  pidure  may  appear.     For 
at  too  ftiort  a  diftance  the  glafs  will  magnify  thefe 
errors  and  make  them  vifible,  and  fpoil  the  prof- 
ped.     The  way  to  judge  of  a  proper  glafs  for  any 
pidure,  is  this  j  obferve  at  what  diftance  the  pic- 
ture makes  the  beft  and  fineft  appearance  to  the 
naked  eye  ;  and  that  ought  to  be  the  focal  diftance 
of  the  glafs.     So  that  akho'  a  pidure  placed  in  the 
focus  of  any  lens,  will  be  magnified  and  feem  at  a 
vaft  diftance  j  yet  to  prevent  any  blemifties  or  ir- 
regularities in    the  drawing  to  appear,    the  lens 
ought  to  be  chofen  by  the  former  rule.     A  ftiort 
glafs  will  not  take  in  all  the  view  ;  and  a  long  glais 
makes  the  pidure  have  but  a  fmall  appearance ; 
and  the  eye  cannot  diftinguifti  the  minute  parts. 

I  ftiall  further  obferve,  that  to  have  any  perfpedive 
view  appear  exadly  limilar  to  the  place  it  was 
drawn  for  -,  the  lens  ought  to*  be  placed  in  the 
point  of  view  in  the  air,  of  that  pidure  or  perf- 
pedive draught ;  and  confequently  the  focal  dif- 
tance of  the  lens  muft  be  equal  to  the  principal 
ray  (or  line  of  diftance)  •,  and  when  this  is  fo,  if* 
it  be  viewed  thro'  that  glafs,  it  will  give  the  true 
appearance  of  that  place  in  all  refpeds,  in  regard 
to  the  magnitude,  and  fituation  of  the  feveral  parts. 
And  therefore  ail  thefe  perfpedive  draughts  ought 
to  be  fo  drawn,  that  the  point  of  view  be  at  the 
due  diftance,  that  is,  equal  to  the  focal  diftance  of 
the  glafs  proper  to  be  ufed.  The  longer  the  focal 
diftance  of  the  glafs  is,  the  longer  and  more  ex- 
tended, the  place  appears  to  be,  whofe  perfpedive 
you  view.  And  the  ftiorter  the  glafs,  the  ftiorter 
and  more  contraded  is  the  apparent  view.     Both 

thefe    ' 
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Fig.  thefe  diftort  the  view,  the  longer  glafs  by  making 
it  too  long ;  and  the  ftiorter  by  making  it  too 
fliort,  but  they  do  not  afFed  the  breadth.  And 
nothing  but  a  glafs  of  a  juft  length  will  make  it 
appear  in  its  juft  proportion.  If  a  profpedlive 
draught  be  well  taken,  and  then  viewed  according 
to  thefe  rules,  you'll  have  the  exad  appearance  of 
the  place,  juft  the  fame  as  if  you  was  looking  at 
it  with  your  naked  eyes. 

It  may  .be  thought,  that  inftead  of  a  lens,  two 
fmall  glaffes  of  the  fame  focal  diftance,  for  the 
two  eyes,  may  do  as  well.  But  thefe  will  not  an- 
fwer  the  fame  end,  as  one  large  glafs  ;  becaufe  the 
axes  of  the  two  pencils  of  rays,  that  fall  on  thefe 
two  glaffes,  interfedt  at  the  pifture,  and  no  further 
off,  and  there  make  an  angle  ;  and  fo  enter  the  eye; 
whereas  they  ought  to  be  parallel.  And  this  makes 
the  pidure  not  appear  far  enough  off,  and  quite 
Ipoils  the  view. 

Many  other  optical  inftruments  might  be  infert- 
ed,  but  thefe  that  have  been  here  explained,  are 
the  principal ;  and  from  thefe,  all  others  of  a  like 
nature  are  eafily  underftood,  and  their  effeds  de- 
monftrated  by  a  like  way  of  reafoning. 

Like  wife  by  the  known  properties  of  light,  the 
phsenomena  of  all  forts  of  meteors  may  be  ex- 
plained, and  the  reafon  of  their  colours  Ihewn ; 
fuch  as  the  Rainbow,  Corona's,  Halo's,  Parhelia's^ 
Parafelene's,  &c.  But  I  fhall  here  only  explain 
the  colours  and  appearances  of  the  rainbow,  be- 
caufe it  is  a  phsenomenon  fo  common,  that  it  comes 
under  every  body's  obfervation. 
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Fig. 
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^0  explain  the  magnitude^  pofttion^  and  colours  of  the 
Rainbow. 

The  rainbow  never  appears  but  when  it  rains  in 
the  fun-fhine  ;  and  is  caufed  by  the  refradion  and 
refledlion  of  the  fun's  light  palTing  thro'  the  drops 
of  falling  rain.  And  it  may  be  made  artificially, 
by  fpouting  up  water,  and  caufing  it  to  fall  down 
in  drops,  in  the  fun's  rays ;  in  thefe  drops  the 
colours  will  appear  to  a  fpedator  Handing  in  a  due 
pofition.  And  the  like  may  be  Ihewn  in  globes  of 
glafs  filled  with  water,  and  placed  in  the  fun  in  a 
proper  pofition. 

To  underfland  how  the  bow  is  made ;  let  BNFG  1  '^S-' 
be  a  drop  of  rain  of  a  fpherical  figure,  C  its  cen- 
ter, and  let  AN  be  one  of  the  fun's  rays  incident 
upon  it  at  N,  and  then  refraded  to  F,  where  let  it 
cither  go  out  of  the  drop  by  refradion  to  V,  or 
be  refleded  to  G  j  and  at  G  let  it  either  go  out 
by  refradlion  to  R,  or  be  reflefled  to  H ;  and  at 
H  let  it  either  go  out  by  refradion  to  S,  or  be  re- 
fleded  to  I,  &c.  On  the  incident  ray  AX,  and 
the  refraded  one  NF,  let  fall  the  perpendiculars 
CD,  CE.  Draw  the  diameter  BQ^parallel  to  the 
incident  ray  AN.  And  let  m^  n  be  the  fines  of 
incidence  and  refradlion  out  of  air  into  water. 
Draw  NC,  CF. 

Now  in  the  progrefs  of  the  ray  AN,  thro'  the 
points  N,  F,  G,  H,  &c,  it  is  continually  change- 
ing  its  direction,  the  fame  way  about  the  circle, 
till  at  lafl  it  emerges  out  of  the  drop,  making 
the  angle  of  refraftion,  equal  to  that  at  its  inci- 
dence; for  all  the  lines  NF,  FG,  GH  &:c,  are' e- 
qual.  Then  to  find  the  diredion  in  which  it  at  laft 
emerges,  produce  NF  to  W,  FG  to  T,  GH  to  Y, 

&C-, 
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Fig.  &c ;  and  then  we  muft  find  the  fum  of  the  angle* 
135.  XNW,  WFT,  TGY  &c.  and  YHS,  which  makes 
the  whole  change  of  diredion,  or  the  revolution  of 
the  ray  in  its  progrefs.  Draw  CZ  perp.  to  FG. 
Then  in  the  quadrilateral  CEFZ,  the  angles  at  E 
and  Z  are  right,  therefore  the  angle  ECZ  +  EFZ, 
zz  two  right  angles  zz  EFZ  +  ZFW,  therefore 
ECZ  rz  ZFW,  or  ZFW  -  NCF  z=.  2NCE.  Put 
/  n  number  of  refledions,  F,  G,  H,  Src.  Then 
(ince  all  the  external  angles  at  F,  G,  H  are  equal, 
the  fum  of  them  all  is  zz  /  X  ZFW  r:  2/  X  NCE, 
to  which  add  XNF  -f  YHS  or  2XNF,  and  the 
fum  is  2/  X  NCE  -f-  2XNF,  for  the  whole  change 
of  direction  of  the  ray.  But  XNF  zz  XNC  — 
ENC,  and  NCE  rz  R  —  CNE  (putting  R  zz  a 
right  angle),  therefore  the  whole  change  of  direc- 
tion is  zz  2/R  —  2t  -h  2  2<jCNE  +  2CNX,  or 
twice  the  quantity  /R  —  /  -f  i  X  CNE  +  CNX. 
And  this  being  known,  it  is  eafy  to  find  the  angle 
the  emerging  ray  makes  with  the  incident  ray  AN 
or  BQ.  This  is  true  of  any  ray  whatfoever,  but 
to  our  purpofe  there  is  but  one  pofition  of  the  in- 
cident ray  AN,  which  will  bring  the  colours,  and 
this  is  next  to  be  found. 

Let  AN  be  an  incident  ray  of  any  colour,  and 
let  it  emerge  at  H,  defcribing  the  trad:  ANFGHS. 
Now  that  the  rays  of  any  colour  emerging  at  H, 
may  affedt  the  fenfe  ftrongly,  they  ought  to  emerge 
parallel,  for  if  they  emerge  and  fall  upon  the  eye, 
in  different  diredions,  they  mix  with  other  rays  of  a 
different  colour,  and  cannot  appear  fenfible.  And 
there  will  be  fo  few  rays  of  that  colour  in  any  one 
direction,  that  they  cannot  excite  any  fenfation.  And 
lince  to  excite  a  ftrong  fenfation,  the  rays  of  any 
one  colour  ought  to  emerge  parallel,  and  as  they 
are  alfo  parallel  at  their  incidence  -,  therefore  we 
muft  find  what  polition,  or  what  angle  of  inciden(^e, 
the"  ray  AN  muft  have,  that  all  the  rays  of  that 

colour. 
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colour,  emerging  at  a  fmall  diftance  from  H,  may  Fig. 
be  all  parallel  to  HS.  Now  this  can  only  be  when  135. 
the  fum  of  all  the  angles  2/R  —  2/  +  2  xCNE  -{- 
2CNX  is  a  maximum  or  minimum.  For  by  the 
nature  of  a  maximum  or  minimum,  fuch  a  quan- 
tity remains  the  fame  for  a  fmall  variation  of  the 
arch  BN.  Now  we  may  obferve,  that  when  the 
arch  BN  is  very  fmall,  the  arch  FQ  is  very  fmall ; 
and  as  BN  grows  greater,  QF  grows  greater,  and 
BF  leffer  -,  and  when  BN  approaches  a  quadrant, 
QF  grows  lefs  again,  and  BF  bigger.  So  that  BF 
firft  decreafes  to  a  certain  limit,  and  then  increafes 
again,  and  at  that  limit  it  is  at  its  minimum.  But 
the  quantity  2/R —  2/ -|-  2  xCNE  -}-  2CNX  de- 
pends much  upon  the  fituation  of  F,  and  there- 
fore will  be  at  its  minimum  when  the  rays  at  H 
emerge  parallel.  Now  fince  2/R  is  given,  2/R  -— 
2/  4-  2  X  CNE  '4-  2CNX,  will  be  at  is  minimum 
when  2^  +  2  X  CNE  —  2CNX  is  a  maximum,  or 
when  /  -f-  I  X  CNE  —  CNX  is  a  maximum.  But 
(by  Prob.  S3.  Sea.  VII.  AlgebraJ  T+Tx  CNE— 
CNX  is  a  maximum,  when  ^  +  i  X  increment  of 
CNE  z=  increment  of  CNX. 

Letji'ziCD  or  NM  the  fme  of  incidence;  CNzzi ; 
m,  n  the  fmes  of  incidence  and  refra6tion,  and  take 
N;^  a  very  fmall  increment  or  decrement  of  BN, 
and  drawing  no  parallel  to  AN,  N^  will  be  the  in- 
crement or  decrement  of  MN  ^  then  ~  y  =1  CE 

m 

the  fine  of  refradtion,  and  its  increment  zn^xN^. 

m 

And  by  the  nature  of  the  circle,  cofme  (y/i — yy) 

'No 
:  radius  (i) : :  Ntf  :  N»  —  —      — ,  the  increment 

VI  — yy 

ofBNor<CND.  Alfo  cofme  (v/i--i^\    :  ra- 

mm  J 

dius 
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Fig^dius^i)  :  :  increment  of  the  fine   of  refraaion 

^35y     X  N(?)  :---^^,=^,    the  increment  of  the 

.nnjy 


•  /  :    X  ^0)  :  — — 


mm 

arch    or   angle  of  refraaion   CNE.      Therefore 

n  X  N<?  N^  -^ 

'^  ms/i—nnyy  '^  i^yy 

mm 

then  ^ =  — > ,  and  />»  x  \/i  _j^ 

s/mm — fjnyy       V  i  — yy 

z=  v^;;^;;?  —  nnyy  ;  and  fquaring,  /)/;;;;^  —  ppnnyy  zz 
mm  —  nnyy  \  and  reducing,  ppnnyy — nnyy  :zippnn— 

mm  \  and  y  zz  V^^^       And;;  being  known, 

^^ — \.nn 
the  angles  CND  and  CNE  are  known,  and  confe- 
quently  the  quantity  of  the  angle  of  deviation  of 
the  ray,  2^R — p  X  CNE  +  2CNX.  And  the  an- 
gle in  which  HS  cuts  the  incident  ray  AN  or  BQ, 
will  be  known;  for  if  the  deviation  be  180  de- 
grees, the  incident  and  emergent  rays  will  coincide, 
and  the  emergent  ray  will  return  back  to  the  fun. 

Since  y  depends  upon  the  quantities  of  m  and,  n^ 
it  is  evident  that  the  rays  of  different  colours,  ha- 
ving a  different  degree  of  refrangibility,  will  have 
different  limits  of  BN,  and  will  emerge  parallel  in 
different  points  H,  and  will  cut  BQ^at  different  an- 
gles. And  thefe  feveral  forts  of  rays  being  fepara- 
ted  from  one  another,  will  appear  each  in  their 
proper  colours. 

For  the  firft  rainbow  \  if  light  pafTes  out  of  air 
into  water,  m  and  n  (by  Schol  Prop.  II.  B.  III.) 
will  be  108  and  81  for 'the  leaft  refrangible  rays, 
or  the  red ;  and  109  and  81  for  the  moft  refran- 
gible rays,  or  the  violet.  And  therefore  in  this 
bow,  v/here  mzr.  10%^  p  —i^  y  comes  out  r: 
86036  zn  S.  59  22  =  CNX,  and  CNE  =  40  u- 
And  2R  — 4  CNE  -h  2CNX  -  137  58>  and  this 

or 
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Qr  its  fupplement  42   2  is  the  axngle  the  emergent  Fig, 
ray  makes  with  the  incident  ray  for  the  red.     i^nd  155. 
in  like  manner  when  ;;?  zz  109,    the  angle  which 
the  emergent  ray  makes  with  the  incident  ray,  will 
be  found  40  1 7,  for  the  violet. 

Again  in  the  fecond  bow  where  p  rz  3,  m  zr  108^ 
we  fhall  findjy  zi  95015  =  S.  71  50  zi  CNX,  and 
CNE  =z  45  27  ;  and  4R--  6CNE  -f  2CNX  z: 
230  57  which  exceeds  180  by  50  5^^  the  angle 
made  with  the  incident  ray,  for  the  red.  And 
when  m  zz  109,  the  angle  the  violet  emergent 
ray  makes  with  the  incident  ray  will  be  54  7. 

Now  fuppofe  O  to  be  the  eye  of  the  fpedator,  1^6^. 
and  OP  a  line  drawn  thro'  the  fun  and  the  eye. 
And  let  the  angles  POE  r:  40  17,  POF  zr  42  2, 
POG  zz  50  57,  and  POH  iz  54  7.  And  let  thefe 
angles  be  turned  about  their  common  fide  OP^ 
then  fhall  the  other  fides  OE,  OF,  OG,  OH,  def- 
cribe  the  extreme  arches  of  two  rainbows  AFBE^ 
and  CHDG.  For  if  E,  F,  G,  H  be  drops  of 
water  placed  any  where  in  the  conical  furfaces  def* 
cribed  by  OE,  OF,  OG,  OH,  and  be  illuminated 
by  the  fun's  rays  SE,  SF^  SG,  SH  i  the  angk 
SEO  or  POE  of  40  ly  will  be  the  greateft  angle 
in  which  the  violet  rays  will  after  one  reflexion  be 
refracted  to  the  eye  -,  and  therefore  all  the  drops  in 
the  line  OE,  fhall  fend  the  moft  refrangible  rays 
mofl  copioufly  to  the  eye,  and  thereby  flrike  the 
fenfes  with  the  deepefl  violet  colour.  And  in  like 
manner  the  angle  SFO  or  POF  of  42  2,  Vv'ill  be 
the  greatefl  angle  under  which  the  red  rays  can 
emerge  out  of  the  drops,  and  therefore  will  come 
mofl  copioufly  to  the  eye  and  flrike  the  fenfes  witl> 
that  colour.  And  the  rays  that  have  intermediate 
degrees  of  refrangibility,  fhall  come  molt  copioufly 
from  drops  between  E  and  F,  and  flrike  the  fenfes 
with  the  intermediate  colours  -,  that  is,  from  the 
infide  to  the  outfide  of  the  bow,  the  colours  will 

R  appear 
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Fig.  appear  in  the  order  violet,    indigo,    blue,  gr^eri,, 

135.  yellow,  orange,  red. 

Again  in  the  fecond  bow,  the^.  angle  SGO  or 
POG  of  ^o  ^y  fhall  be  the  lead  angle  under  which 
the  red  rays,  after  two  reflexions  can  emerge  out  of 
the  drops,  and  come  mofl  copioufly  in  the  line 
OG,  and  ftrike  the  fenfe  with  that  colour.  And 
the  angle  SHO  or  POB  of  54  7  fhall  be  the  leaft 
angle  in  which  the  violet  rays  after  two  reflexions,, 
can  emerge  out  of  the  drops,  and  therefore  they 
will  come  moil  copioufly  to  the  eye  j  and  fl:rike  the 
fenfe  with  that  colour.  And  by  the  fame  argu- 
ment the  drops  between  G  and  H,  fliall  fl:rike  the 
fenfe  with  the  intermediate  colours  ;  therefore  from' 
the  inflde  to  the  outfide  of  the  bow,  the  colours,  will 
appear  in  this  order,  red,  orangQ,  yellow,  green, 
blue,  indigo,  violet.  And  lince  thefe  four  lines 
OE,  OF,  OG,  OH,  may  be  fltuated  any  where  in 
the  conical  fuperficies,  what  is  faid  of  the  drops 
and  colours  in  thefe  lines,  is  to  be  underfl:ood  of 
the  drops  and  colours  every  where  in  thofe  furfaces. 
But  the  fecond  bow,  by  reafon  of  the  light  loft 
by  two  reflexions  does  not  always  appear,  and  is 
always  fainter  than  the  firfl:, 

Thefe  would  be  the  angles  if  the  fun  was  but 
a  point,  but  from  his  apparent  diameter,  the 
breadth  of  the  bows  will  be  increafed  half  a  de- 
gree, whence  the  breadth  of  the  inner  bow  will  be 
2  1 5,  and  of  the  outer  one  3  40 ;  and  their  dif- 
tance  8  25  ;  the  radii  of  the  inner  bow  40  2  and 
42  17,  of  the*  outer  one  50  42  and  54  22  -,  and 
this  appears  to  be  fo  by  obfervation,  when  their 
colours  are  fl:rong  and  lively. 

J  «^^  It  may  be  obferved,  that  all  the  fays  but  the  vio- 
let in  the  line  SE,  will  emerge  from  E  in  a  greater 
angle  than  SEO  made  by  the  violet,  and  will  there- 
fore all  pafs  below  the  eye :  and  all  the  rays  but  the 
red,  in  the  line  SF,  will  emerge  from  F  in  a  leflTer  an- 
gle than  SFO  made  by  the  red,  and  will  therefore 

paft 
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pafs  above  the  eye;  by  which  means,  only  red  will  ap-  Fig. 
pear  in  the  line  OF,  and  only  violet  in  the  line  OE.    I^S. 

They  that  have  a  mind  to  meafure  the  bow,  may 
bbferve  that  its  radius  is  equal  to  the  height  of  the 
bow  and  the  height  of  the  fun  together  \  and  there- 
fore is  eafily  meafured  with  a  quadrant.  And  if  the 
fun's  altitude  be  greater  than  42  17,  the  inner  bow 
cannot  be  feen  ;  nor  the  exterior  one,  if  his  altitude 
exceed  54  22. 

In  the  third  and  fourth  rainbows  j  is  .97373.  and  C35^ 
.98366  refpedlivelv,  and  CNX  zz  76  50  and  79  38. 
Whence  2/R  4-  2CNX  —  2/xCNE  =  318  20,  and 
400  3  r  refpedively,  putting  m  and  ;/  as  4  to  3  for 
•the  red  rays.  And  therefore  in  the  3d  rainbow,  the 
emerging  ray  cuts  the  incident  ray  at  an  angle  of  41 
40  i  and  in  the  4th,  at  an  angle  of  40  3 1,  both  mov- 
ing from  the  fun.  And  therefore  looking  towards 
the  fun,  the  red  rays  in  thefe  rainbows  would  appear 
at  the  diftance  from  hirn  of  41  40  and  46  3 1  reipec- 
tively,  and  nearly  coinciding.  And  in  the  3d  the 
violet  would  be  towards  the  fun ;  but  in  the  fourth 
the  violet  is  from  the  fun.  But  their  light  is  weak* 
cned  fo  by  reflexions,  that  they  never  appear. 

Cor.  I.  The  angle  of  revolution  2/R  +  2CNX  — 
l^xCNE  will  come  to  its  limit  when  ND  is  to  NC  : : 

as  ^mm—nn  to  s/pf — lyjdn.     And  ND  i$  to  NE 
;  :  as  m  to  pn. 

For  ND^=i— jy^  zi  I  _^^z:^  _mm---nn^ 

fp-^  i.nn       pp —  i,nn 
And  NE'  =  I  -  ^  j.y  =  I  _mn-mm    _ 

mm  pp — \,mm 

fpmm-ppnn  _  Therefore  ND  :  NC  : :     /g^H^L 
pp — I. mm  '^  pp — urn 

J I  ••  ••  \/^mm — nn  :  *ypp — i,nn^     Alfo  ND  :  NE  :  : 
I  mm — nn    ,     jppmm — ppnn  .  ,      /i     ,      IPP  *  ^ 

'^  pp-^unn    ^^p^^mn^^  *  '^  ^^   ' '^  mm 

I       p 

—  :  £-.:  :  m\pn.  ^ 

n      m  Coi% 
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Fig.  Cor.  2.  When  the  angle  of  revolution  (or  change  of 
i^6,dire^ion)  of  the  emerging  ray  differs  not  much  frofn 
a  femicircle  or  any  odd  number  of  femicircles  \  one  mufi 
look  for  the  how  towards  the  fun^s  oppofition.  But 
when  it  differs  not  much  from  a  circle  or  any  number 
4)f  circles^  one  muft  look  towards  the  fun  for  the  bow, 
^hus  the  fir  ft  and  fecond  bows  are  feen  oppojite  to  tU 
fun^  and  the  third  and  fourth  towards  it. 

For  if  the  revolution  be  a  femicircle,  or  3,  5,  7 
&c.  femicircles,  the  diredion  of  the  ray  is  towards 
the  fun  ;  and  therefore,  that  it  may  enter  the  eye, 
one  muft  look  the  contrary  way.  But  if  the  revo- 
lution be  I,  2,  3  &Ce  whole  circles,  the  ray  move* 
diredtly  from  the  fun^  and  therefore  to  receive  it 
into  the  eye,  one  muft  look  towards  the  fun  5  foff 
the  face  muft  be  fet  againft  the  motion  of  the  ray. 

Cor.  3.  If  the  angle  of  revolution  falls  fh or t  of  ^ 
femicircle  or  any  number  of  femicircles^  the  violet  co- 
lour will  he  on  the  injide  the  how.  But  if  it  exceed 
thera^  the  violet  will  be  on  the  outjide.  Thus  ih  th$ 
fir  ft  and  third  bows^  the  violet  is  within^  and  in  th§ 
fecond  and  fourth^  without. 

For  the  violet  rays  by  a  greater  refra6lion,  make 
a  greater  revolution  than  the  red ;  and  therefore 
when  the  revolution  angle  falls  fhort,  the  violet  ray 
will  come  nearer  a  femicircle,  and  make  a  lefs  an^ 
gle  with  the  incident  ray,  and  therefore  will  be 
neareft  the  center  of  the  bow.  But  the  contrary 
will  happen  when  the  revolution  is  greater  than 
a  femicircle,  for  then  the  violet  recedes  farther  off, 
and  makes  a  greater  angle  with  the  incident  ray  p 
and  fo  it  will  be  furtheft  from  the  center  of  th^ 
bow.  Thus  in  the  firft  bow  the  violet  is  within,  in 
the  fecond  without,  in  the  third  within,  and  in  the 
fourth  without.  But  after  3  or  4  reflexions  the 
light  is  fo  weak  as  not  to  afFed  the  fenfes  •,  and  fo 
the  third  and  fourth  bows,  and  thofe  that  follow, 
never  appear  j  and  therefore  I  ftiall  fay  no  more 
about  them. 
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PREFACE. 


CJ^HE  Art  of  Perfpedlive  is  properly  a  branch  of 
Optics  ;  for  it  depends  on  this  optic  principle^  that 
all  the  rays  of  light  flowing  from  the  fever al  parts  of 
an  ohje^l^  move  in  right  lines  to  the  eye.  And  there^ 
fore  the  images  of  thefe  parts  mufi  be  fomewhere  in 
thefe  vifual  rays\  and  confequently  muft  be  where 
thefe  lines  interfe^l  the  picture  *  Perfpe5live  is  a  kind 
of  proje5lion^  for  here  the  pi^lure  being  placed  at  a 
convenient  diftance  between  the  eye  and  the  cbje£i^ 
{or  it  may  as  eafily  be  placed  beyond  the  ohje^\)  the 
eye  proje^s  the  fever  al  points^  and  part  s^  of  the  body, 
upon  that  picture,  by  lines  drawn  from  the  eye  to  the 
parts  of  the  body ;  and  that  by  certain  rules ^  which  are 
to  be  explained  in  this  book. 

Perfpe^ive  is  an  art  abfolutely  neceffary  to  be  un- 
derjlood  by  all  thofe  that  practice  drawing.  From 
this  it  derives  all  its  beauty  and  juftnefs.  It  is  alfo  of 
great  ufe  in  Architecture,  Fortification,  Engraving, 
Carving,  and  all  the  mechanical  arts  \  and  particular- 
ly in  Painting.  It  is  of  admirable  ufe  for  defcribing 
the  figures  of  folids,  or  of  any  buildings,  and  of  all 
forts  of  machines.  An  artifi  cannot  put  his  defign  into 
execution  without  this ;  for  all  neat  and  curious  draw- 
ing fignifies  nothing  without  it,  if  the  defign  is  not 
executed  according  to  the  rules  of  this  art.  By  this, 
the  figures  and  fhapes  of  all  natural  ohje^s  may  be  i- 
mitated  to  the  life,  which  no  other  art  can  e^uaL  By 
A  2  this 
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this  are  contrived  thofe  deceptions  in  vi/ion^  which  fi 
agreeably  delight  and  pleafe  the  eye. 

I  took  notice  in  the  Optics  how  delightful  a  ftudy 
that  is  ;  hut  the  greatefi  jhare  of  that  pleafure  belongs 
to  Perfpe5live. '  For  what  greater  pleafure  can  one  en- 
joy by  the  eye^  than  to  fee  a  grand  building.^  a  large 
country^  or  great  city^  fo  truly  drawn  and  finely  co- 
loured.,  which  being  placed  at  a  due  difiance^  fh all  ap- 
pear to  the  eye  in  its  true  proportions.,  and  in  all  its 
pomp  and  beauty^  even  to  vie  with  Nature  itfelf-,  and 
even  to  out-do  it  in  feme  cafes.  For  if  it  be  drawn 
in  fummer.,  with  all  t^^e  beauty  of  flowers^  and  ver- 
dure of  leaves  \  fuch  a  draught  lool^d  at  in  zvinter 
will  appear  gay  ;  whilfi  the  place  itfelf  now  dejlitute 
of  all  thefe  beauties  and  natural  colourings.,  gives  but 
a  difagreeahle  profpeEi  ?  Can  it  fail  to  fleafe  and 
charm  the  beholder  to  fee  a  whole  country  have  the  ve- 
ry fame  appearance^  and  the  fame  beauty.,  as  the  place 
it  was  drawn  for.,  and  even  of  the  fame  magnitude 
when  feen  thro'  a  lens  at  a  due  diftance.  And  if  it 
he  a  place  one  knows.,  how  agreeably  one  is  furprizid 
to  find  himfelf  in  it.  Who  would  not  he  flruck  at  fo 
agreeable  a  delufion  ? 

Hence  it  has  been  objeBed  by  fome^  that  this  art 
does  not  fhew  us  truths  but  deceives  us  with  falfe  ap^ 
pearances  \  alledging^  that  nothing  appears  to  us  as  it 
really  is.,  but  in  a  quite  different  form.  It  is  true.,  if 
we  regard  the  picture  itfelf  as  an  objeSi.,  which  is  a 
piece  of  paper.,  being  nothing  hut  a  plane  fur  face  per- 
pendicular to  the  horizon.,  with  fever al  lines  and  co* 
tourings  laid  on  it ;  then  it  gives  us  a  falfe  appearance 
of  itfelf.  But  nobody  that  draws  a  picture.,  ever  in* 
tends  that  itfJoouldreprefent  itfelf  and  therefore  this  oh- 
je5lion  will  be  nothing  to  the  purpofe.  For  the  picture 
is  ahvays  defigned  to  reprefent  a  thing  that  is  out  of 
the  picture  j  and  therefore  if  the  picture  truly  repre- 
fents  that  thing.,  then  it  fJjews  us  truth.  And  if  it 
does  not  in  all  refpe^s^  reprefent  it  truly  \  then  fo  far 
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as  that  fails^  it  does  not  reprefent  the  thing  intended^ 
hut  fomething  elfe  \  and  then  indeed  it  Jhews  us  falf- 
hood.  So  that  if  the  picture  is  truly  drawn,  it  Jhews 
truth  \  hut  it  never  jhews  faUhood,  but  when  it  is 
falfely  drawn. 

jis  the  art  of  fainting  has  always  been  in  great  ej- , 
teem,  therefore  we  need  not  wonder  that  men  of  ex^ 
cellent  talents,  have  taken  great  pains  in  perfeSfing 
that  art.  But  without  the  knowledge  cf  Pexfpe5live^ 
that  art  will  always  be  deficient  and  imperfect  \  and 
therefore  every  painter  that  is  ignorant  of  PeyfpeSlivc 
will  unavoidably  run  -into  errors,  Perfpe5live  then  is 
the  compleating  of  the  art  of  painting,  without  which 
no  painting  can  be  perfect.  And  therefore  no  perfoji 
Jhould  engage  in  the  art  of  painting,  except  he  refolve 
to  make  himfelf  acquainted  with  the  rules  of  Per/- 
pe5live. 

The  inventive  part  of  painting,  is  nothing  but  the 
original  defgn,  conl  rived  in  the  imagination  of  the 
artifl ',  hut  the  executive  part  is  wholly  tied  to  the 
rules  of  art,  which  muft  not  be  tranfgreffed  upon  any 
account.  'Therefore  he  that  dejigns  to  he  a  painter, 
muft  firft  of  all  learn  Perfpe3ive  \  and  when  he  has 
done  this,,  and  informed  his  judgment  what  alterations 
happen  to  figures,  when  drawn  upon  a  plane  \  he 
ought  then  to  be  put  to  drawing  by  fight,  and  exer-^ 
cije  himfelf  in  this  along  with  Perfpe5iive,  till  he  be- 
comes fufficiently  perfe5f  in  both.  Nothing  ought  to  be 
mere  familiar  to  a  painter  than  Perfpeuive  \  for  it  is 
the  only  thing  that  can  make  the  judgment  correal  -, 
and  will  help  the  fancy  to  invent  with  ten  times  more 
cafe,  than  it  could  do  vAthout  it. 

Tet  it  is  not  necefjary  or  even  pojjible,  that  the  ftri£l 
rules  of  Perfpe5live  fhould  be  applied  to  the  drawing 
every  minute  part  of  a  body.  For  there  would  be  fuch 
a  confufion  of  lines,  and  their  interfe^ions  would  be  fo 
near  together,  that  no  exaufnefs  could  be  expelled  from 
thence ,  fuch  parts  as  thefe  ought  to  he  drawn  by  the 
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eye.  Neverthelefs^  the  rules  of  PerfpeSlive  muft  di- 
re5f  ones  judgment^  and  he  a  guide  to  his  eye^  how 
they  are  to  he  drawn. 

In  the  firft  feEiion  of  this  hook^  I  have  laid  down 
the  fundamental  propo/itions  on  which  the  practical 
part  of  Perfpe5iive  is  founded  -,  and  given  their  de- 
monftrations^  that  their  truth  and  certainty  may  ap- 
pear. And  in  the  fecond  fe5iion^  I  have  given  all  the 
rules  of  practice  ^  for  performing  the  feveral  operations^ 
in  drawing  any  points^  lines  or  folids  in  Perfpe5iive. 
And  have  given  the  reafons  and  demonfirations  of  theje 
rules.,  exceeding  fhort  •,  heing  eaftly  deduced  from  the 
proportions  in  the  firft  feElion.  And  have  alfo  given 
great  plenty  of  examples  to  illuftrate  the  rules .^  and  to 
fatisfy  fuch  as  have  a  great  defire  for  obtaining  the 
arts  of  drawing  and  painting.  And  by  frequent  ufe 
and  practice  fever al  compendious  methods  of  working 
will  occur  of  themfelves  to  every  practitioner,  AH 
this  is  principally  for  upright  pihures^  the  only  fort 
that  are  ufeful.  For  as  to  inclined  pi^ures^  they  re^ 
quire  more  lines  and  more  labour ;  and  no  object  drawn 
in  them  ever  appears  fo  well  as  in  an  upright  piBure  \ 
fo  that  they  are  nothing  but  a  piece  of  curiojity,  Tet 
leaft  it  fhculd  happen  that  any  object  requires  to  he 
drawn  upon  an  oblique  plane ^  which  cannot  he  put  into 
any  other  pofition  \  I  have  alfo  fhewn  the  properties  of 
thefe  pi5lures.y  and  the  methods  of  drawing  upon  them^ 
in  a  general  way ;  with  fever  al  examples  thereto^ 
which  will  make  the  method  very  plain  and  deary 
to  any  body  that  is  defirous  to  know  how  to  draw 
upon  this  kind  of  pictures. 
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DEFINITIONS. 

D  E  F.      I. 

pERSP KCTIVE  is  the  art  of  reprefenting 
any  objed  upon  a  plane;  juft  as  it  appears  to 
the  eye,  in  any  given  iituation.     When  the  plane 
is  perpendicular  to  the  horizon,  it  is  called  common 
Perfpe5live,     When  the  eye  is  infinitely  diftant  from 
that  plane,  it  is  called  military  Perfpe5iive* 
D  E  F.    IL 
The  Picture  is  that  plane  upon  which  the  objeA 
is  reprefented,  as  ABCD;  which  is  perpendicular  to 
the  horizon;  and  is  fuppofed  as  tranfparent  as.glafs. 
This  is  alfo  called  the  'Tahle^  or  prfpe5iive  Plane. 
D  E  F.     HI. 
The  geometrical  Plane  is  a  plane  parallel  to  the 
horizon,  in  which  the  vifible  obje6ts  are  fituated  as 
FGHl.  And  xhtfttuation  of  any  point  of  an  objedi, 
is  where  a  perpendicular  from  that  pointj^  cuts  this 
plane. 

D  E  F.      IV. 

The  horizontal  Plane  is  a  plane  pafTing  thro'  the 
eye,  parallel  to  the  horizon,  as  KLMN  ;  or  rather 
in  the  horizon.  Therefore  this  is  parallel  to  the 
geometrical  plane,  and  perpendicular  to  the  pidure, 

D  E  F.      V. 

The  vertical  Plane  is  a  plane  paffing  thro*  the 
eye,  perpendicular  to  the  pidure,  and  to  the  hori- 
zon, as  OPQR. 
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Rg^  D  E  F.     VL 

^'  The  dire5!ing  Plane  is  a  plane  paffing  thro'  thc^ 
eye,  parallel  to  the  pidure,  as  KNHI.  And  its 
interfedion  IH  with  the  geometrical  plane,  is  the 
Line  of  Extremes. 

D  E  F.     VII. 
The  ground  Line^  is  the  fe6tion  of  the  pidure, 
and  the  geometrical  plane,  as  DC.     It  is  alfo  called 
the  Bafe  Line^  or  fundamental  Line. 

D  E  F.     VIII. 

The  horizontal  Line  is  the  interfedtion  of  the 
pifture,  and  the  horizontal  plane,  as  TV.  Whence 
this  is  parallel  to  the  ground  line.  It  is  alfo  called 
the  vanifhing  Line,  But  in  a  general  fenfe,  the  va- 
nifhing  Line  of  any  plane,  is  the  fe6i:ion  of  its  pa- 
rallel plane  drawn  thro'  the  eye,  with  the  pidture. 

D  E  F.     IX. 

The  principal  Ray^  is  a  line  drawn  from  the  eye, 
perpendicular  to  the  pidlure,  as  ES.    Therefore 
this  lies  in  the  horizontal  plane. 
D  E  F.       X. 
The  Une  of  Station^  is  the  fedlion  of  the  verti- 
cal plane  with  the  geometrical  plane,  as  RC^ 
D  E  F.     XL 
The  Line  of  Diftance  is  that  part  of  the  line  of 
ilation,  contained  between  the  dire61:ing  plane,  and 
the  pidture ;  as  RX.     Hence  the  line  of  diftance  is 
parallel  and  equal  to  the  principal  ray. 
D  E  F.      XII. 
The  vertical  Line  is  the  line  in  which  the  verti- 
cal plane  cuts  the  pidlure  j  as  SX. 

D  E  F.     XIII. 

The  Hight  of  the  Eye  is  a  perpendicular  pafTing 
from  the  eye  to  the  geometrical  plane,  as  ER.  This 
is  equal  and  parallel  to  the  vertical  line. 

D  E  F. 
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D  E  F.     XIV.  P^g- 

The  Point  of  View  is  the  point  where  the  eye  is 
fixed,  as  E. 

D  E  F.     XV. 

The  Point  of  Sight  is  the  point  where  the  prin- 
cipal ray  cuts  the  pidture,  as  S.     Therefore  this  is 
in  the  horizontal  and  vertical  lines.     It  is  alfo  call* 
ed  the  principal  Pointy  or  Center  of  the  Pidiure. 
D  E  F.    XVI. 

The  Point  of  Bijiance  is  a  point  in  the  horizon- 
tal line,  whofe  diftance  from  the  point  of  fight  is 
equal  to  the  principal  ray,  as  V  or  T ;  fuppofing 
VS  or  TS,  equal  to  ES. 

D  E  F.     XVII. 

The  accidental  Point  of  a  right  line  is  the  point, 
where  a  line,  drawn  thro'  the  eye,  parallel  to  the 
line  propofed,  cuts  the  pifture.  This  is  alfo  call- 
ed the  vanijhing  Point,  Hence  all  lines  parallel  to 
one  another,  have  the  fame  accidental  point.  And 
all  lines  perp.  to  the  picture,  have  the  point  of 
fight  for  their  accidental  point.  And  all  lines  pa- 
rallel to  the  pi6ture  have  no  accidental  point. 
D  E  F.      XVIIl. 

The  Plan  is  the  proje6tion  of  an  objed  upon 
the  geometrical  plane,  by  lines  drawn  from  all  points 
of  the  objed,  perpendicular  to  that  plane.  This 
is  alfo  called  the  Ichnography  of  the  objedl,  or  the 
Bafe  of  it. 

D  E  F.    XIX. 

The  Front  is  the  fore  view  of  an  objeft,  or  the 
fedlion  of  it  parallel  to  the  pidlure  •,  or  it  is  the 
projedtion  of  it  upon  a  plane  parallel  to  the  pidure. 

D  E  F.      XX. 

The  Profit  is  the  fide  view,  or  fe6tIon  of  an  ob- 
jed,  parallel  to  the  vertical  plane.  It  is  taken  for 
the  appearance  of  any  fide. 
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Fig.  D  E  F.     XXL 

I.        Schenography  is  the  reprefenting  folids,  or  fuch 
objeds  as  are  elevated  in  the  air. 
D  E  F.     XXII. 
The  optic  Cone  is  the  cone  of  rays  proceeding 
from  the  eye  to  all  the  points  of  an  objedt,  and 
cutting  the  pidure. 

Scholium. 
In  general,  the  things  to  be  drawn,  are  called 
Ohje^s  or  Originals  \  and  their  pi6lures  when  drawn, 
are   called  Reprefentations^    Appearances^    Figures^ 
Images^  or  Proje5fions, 

A  X  I  O  M  S. 
I. 

The  appearance  or  reprefentation  of  any  point 
of  an  objedl,  is  where  the  right  line,  drawn  from 
the  eye  to  that  point  of  the  objed,  cuts  the  pidure. 

2. 

If  any  part  of  an  objedl  touches  the  pidure,  its 
•  appearance  will  be  in  that  part  of  the  pidure  which 
it  touches. 

All  parts  of  objeds  lower  than  the  eye,  or  be- 
low the  horizontal  plane,  will  be  reprefented  be- 
low the  horizontal  line,  > in  the  pidure  :  and  thole, 
that  are  higher,  will  be  reprefented  above  it. 

4. 
All  objeds  on  the  right  hand  of  the  vertical 
.  plane,  will  be  reprefented  on  the  right  hand  of  the 
vertical  line;  and  thofe  on  the  left  hand,  on  the 
left  fide  of  it. 

If  a  right  line  in  the  objed  pafTes  thro'  the  eye, 
it  will  be  reprefented  in  the  pidure  by  a  fingle  point. 

6. 

Any  plane  (in  the  objed)  pafling  thro'  the  eye, 
will  appear  only  a  right  line  in  the  pidure. 


[5] 
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He  fundamental  principles  (t/Terspec* 
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PROP.      I. 

TN  military  perfpe5five,  lines  that  are  parallel  in 

the  ohje5l^  are  reprefented  hy  parallel  lines  in  the 

picture .     And  they  are  Jhortened  in  the  picture ^  in  the 

ratio  of  the  radius  to  the  fine  of  inclination  of  the 

vifual  rays. 

For  let  there  be  two  parallel  lines  in  any  obje6l ; 
and  fuppofe  two  planes  to  pafs  thro'  thefe  two 
lines  and  the  eye.  Now  fince  the  eye  is  fuppofed 
infinitely  diftant,  in  this  fort  of  perfpedive  \  there- 
fore thefe  planes,  which  only  interfedatan  infinite 
diilance,  may  be  looked  upon  as  parallel.  But 
(Geom.  V.  ii.)  if  two  parallel  planes  be  cut  by 
a  third  ;  their  common  fecftions  are  parallel.  And 
therefore  the  two  planes  cut  the  pidure  in  two  pa- 
rallel lines ;  which  reprefent  the  two  parallel  lines 
in  the  objed.  And  it  is  equally  the  fame  if  there 
is  never  fo  many  of  thefe  parallel  lines.  And  it  is 
evident  that  their  lengths  are  diminifhed  in  the  ra- 
tio of  radius  to  the  fine  of  obliquity. 

Cor.  I.  If ' the  eye  he  at  a  great  difiance \  Imes^ 
that  are  parallel  in  the  ohje^^  are  reprefented  hy  lines 
nearly  parallel  in  the  piSiure,  .    ,     ' 

Cor.  2.  Fifual  rays  from  the  eye^  cut  all  parallels^ 
and  all  parts  of  them^  at  the  fame  angle. 

This  follows  from  the  parallelifm,  both  of  the 
rays  and  the   lines. 

Cor.  3.  Equal  parallel  lines  have  theip  images  equal. 
^  B  3  PROP. 
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Fig. 

PROP.      II. 

2.  In  common .  perfpeSiive^  a  right  line  in  the  objeEf^ 
which  pajjes  not  thro*  the  eye^  is  reprefented  by  a 
right  line  in  the  picture. 

Let  GH  be  the  right  line,  E  the  eye ;  draw  EG, 
EH,  cutting  the  pidure  in  g  and  h  ;  then  g  and  h^ 
reprefent  the  points  G  and  H  (by  Ax.  i.)^  And 
thus  all  the  points  between  G  and  H  are  reprefent- 
ed by  right  lines  drawn  from  thence  to  E  j  and  all 
thefe  lines  are  in  the  plane  EGH.  And  fince  that 
plane  interfeds  the  plane  AC  in  the  right  line  gb 
(Geom.  B.  V.  Prop.  3.)  therefore  all  the  points  in 
Gfi  are  reprefented  by  all  the  points  in  gh  -,  or  the 
right  line  GH  by  the  right  line  gh. 

Cor.  Hence  the  lines  GH  and  gh,  are  in  one  and 
the  fame  plane, 

PROP.      III. 

If  a  right  line  he  parallel  to  the  pi5lure^  its  repre* 
fentation  in  the  pi^ure,  will  be  parallel  to  that  right 
line. 

2.       For  let  GH  be  a  line  parallel  to  the  pi6lure, 
and  fuppofe  a  plane  to  pafs  thro'  it  parallel  to  the 
pifture,  then  the  plane  EGH  being  cut  by  the  two. 
parallel  planes  GH,    and  AC;  the  fedions  GH, 
gh y^'iW  be  parallel  (by  Prop.  XI.  B.  V.  Geometry.) 

Cor.  I.  If  a  right  line  be  parallel  to  the  ground 
line-y  its  appearance  in  the  piSfure  will  be  parallel  to 
th^  ground  line. 

Cor.  2»  Jf  a  right  line  be  parallel  to  the  vertical 
line ;  its  appearance  in  the  pi5lure  will  be  perpendicu- 
hr  to  the  ground  line. 

Cot. 
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Cor.  2*  If  a  line  parallel  to  the  pSlure  inter fe5l  Fig. 
the  geometrical  plane^  and  make  any  angle  with  it ;   2 . 
its  figure  or  appearance  in  the  picture  will  make  the 
fame  angle  with  the  ground  line. 

Cor.  4.  If  two  lines  parallel  to  the  piSfurey  inter^ 
feB ;  their  reprefentations  in  the  piSiure^  will  make  the 
fame  angle^  as  the  original  lines. 

For  each  of  them  makes  the  fame  angle  as  its 
original ;  and  therefore  the  differences  of  each  two 
are  equal ;  that  is,  the  angles  which  the  originals 
and  their  reprefentations  make,  are  equal. 

Cor.  5.  Allthefe  things  hold  good,  when  the  pi^ure 
is  inclined  to  the  horizon. 

PROP.      IV. 

^he  figure  or  appearance  of  any  right  line  in  the 
fi^urCy  tends  to  the  accidental  point  of  that  line. 

Let  GH  be  the  original  line,  gh  its  figure  or  3. 
appearance  in  the  pidture,  P  the  accidental  point 
of  it,  E  the  eye.  Then  (Def  17.)  fmce  EP  and 
HG  are  parallel;  EP  and  HG  are  in  the  fame 
plane,  which  plane  paffes  thro'  E  and  P.  Like^ 
wife  (Cor.  Prop.  11. j  gh  is  in  the  plane  EGHj 
therefore  all  the  points  P,  g^  h  are  in  one  plane, 
which  plane  interfeds  the  pidure  in  the  line  Vghi 
therefore  gh  produced,  pafTes  thro'  P. 

Cor.  I.  ne  reprefentations  of  all  lines  parallel  ta 
GH,  do  all  meet  in  the  accidental  point  P. 

Cor.  2.  The  appearances  of  all  lines  perpendicular 
to  the  pi^lure^  tend  to  the  point  of  fight. 

Cor.  3.  l^he  appearances  of  all  lines,  in  or  parafr 
lei  to,  the  geometrical  plane,  making  an  angle  of  45  de- 
grees with  the  ground  line  or  picture  ^ '  tend  to  the 
point  of  dijiance  on  that  fide. 

B  4  Cor. 
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Fig.      Cor,  4.  Tbe  appearance  of  aright  line^  p^Jps  both 
^.    thro'  the  accidental  pointy  and  thro*  the  point  where 
the  original  cuts  the  pi5iure..  j 

PROP.      V.  ' 

If  two  equal  right  lines  he  parallel  to^  and  equidif- 
tant  from^  the  pi^ure-y  their  reprefentations  will  be 
equal. 

4..  Let  the  lines  GH,  KT,  be  equal,  and  both  pa- 
rallel to  the  pidture  AC,  and  at  equal  diftances 
from  iti  and  gh^  ki  their  reprefentations.  Draw 
Hi  and  hi.  E  is  the  eye.  Then  byreafon  of  the 
parallel  planes  GHIK  and  AC,  the  triangles  EGH, 
egh\  alfo  EHT,  ehi\  and'  El K,  Efi^,  are  fimilar 
each  to  each.  Therefore,  GH  :  gh  w  EH  :  E^  : : 
HI  I  hi-,  EI  :  E/  :  :  IK  :  it  But  GH  =  IK, 
therefore  gh  zz  ik. 

Cor.  I .  If  feveral  lines  are  parallel  to^  and  equi^ 
difiant  from^  the  piUure  \  their  reprefentations  will 
he  to  one  another^  in  the  fame  proportion  as  the  ori- 
ginal lines. 

For  we  have  GH  :  ^^  :  :  IK  :  ik  5  or  GH  :  IK  : : 
gh  :  ih 

Cor.  2.  If  a  right  line  parallel  to  the  pi5lure^  be 
divided  into  equal  parts  \  the  images  or  reprefentations 
of  thefe  feveral  par tSy  will  be  equal. 

Cor.  3.  'two  equal  right  lines  proceeding  from  one 
pointy  and  both  parallel  to  the  picture ;  will  have  their 
appearances  equal  in  the  picture.  And  the  angle  they 
make  in  the  pi5lure^  will  be  equal  to  the  angle  made  by 
the  originals. 

For  the  reprefentations  are  parallel  to  the  origi- 
.    nals,  by  Prop.  III. 

Cor.  4,  All  thefe  things  hold  equally  for  an  inclin- 
ed  pi^ure* 

PRO  P. 
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Fig. 
P  R  O  P.      VI. 

If  a  circle  he  parallel  to  the  pi^ure^  its  figure  in 
the  fixture  'will  he  a  circle^  in  any  fort  of  froje5fion, 

.  Let  E  be  the  eye,  BD  the  circle.     Then  fince   5- 
the  optic  cone  EBD,  is  cut  by  the  plane  of  the  pic- 
ture AC,  parallel  to  the  bafe  of  the  cone,  there- 
fore (by  Cor.  Prop.  LXXXIX.  B.  I.  Conic  Sec- 
tions) the  fedion  i*^  will  be  a  circle. 

Cor.  I.  If  a  circle  he  fo  placed^    that  the   optic . 
cone^  he  cut  hy  the  pi^ure^  fo  that  the  angles  on  op- 
pofite  fides  may  he  equals  which  are  made  hy  the  pic^ 
ture  and  hy  the  hafe ;  then  alfo  the  appearance  in  the 
pi5lure  will  he  a  circle. 

For  then  it  is  cut  in  fub-contrary  pofition ;  and 
therefore  (by  the  fame  Prop.)  the  fedion  is  a  circle. 

Cor.  2 .  In  other  cafes  when  a  circle ^  is  not  parallel 

tc  the  piElure  \  its  appearance  is  an  ellipfis  \  fuppofing 
the  optic  cone  to  he  cut  on  hoth  fides  hy  the  picture » 

PROP.      VII. 

The  appearance  of  a^ny.  plane  figure  parallel  to  the    5. 
pi^lure^  will  he  fimilar  to  the  original. 

Let  GHIK  be  the  plain  figure  whofe  reprefenta- 
tion  is  ghik.  Then  fince  the  optic  pyramid  EGHIK 
is  cut  by  the  plane  of  the  pidure  AC,  parallel  to 
the  bafe  GHIK^'  therefore  the  itQ(\o^  ghik  will  be 
fimilar  to  GHIK  (by  Cor.  i.  Prop.  XVII.  B.  VL 
Geometry.) 

PROP.      VIII. 

ihe  vanifhing  or  accidental  points^  of  all  lines  drawn    6, 
in  any  plancy  are  in  the  vanifhing  line  of  that  plane,  " 

Let  FG  be  any  line  in  the  plane  CFG,  and  EL 
dr^v'^n  from  the  eye  at  E,  parallel  to  FG,  cutting 

the 
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Fig.  the  pi6bure  in  L.     Then  fince  all  lines  as  FG  are 

6.  in  the  plane  CFG,  all  the  parallels  EL,  are  in  the 
parallel  plane  AEL ;  and  therefore  all  the  points 
L,  are  in  the  interfedlion  AL ;  that  is,  in  the  va- 
nifliing  line.  And  it  is  the  fame  thing  whether  the 
plane  AC  be  right  or  oblique  to  the  plane  CG, 
fmce  the  planes  CFG  and  EAL  are  parallel  in  all 
cafes. 

PROP.      IX. 

7.  All  lines  perpendicular  to  the  pi  Slur  e^  will  he  pro- 
je^ed  into  foine  parts  or  other  of  the  fame  lines  in  the 
picture  *,  in  whatever  point  of  the  principal  ray^  the 
eje  is  placed. 

Let  FG  be  a  line  perpendicular  to  the  pi6lure, 
E  the  eye,  ES  the  principal  ray  ;  produce  GF  to 
cut  the  pi6ture  in  N,  and  draw  SN.  Then  fince 
ES,  NG  are  parallel,  they  and  the  line  SN  are  in 
one  plane.  Therefore  FG  appears  fomewhere  in 
the  line  SN.  Then  let  the  eye  remove  to  K,  in 
the  fame  line  ES,  and  K  is  ftill  in  the  fame  plane 
ESNG  ;  therefore  FG  appears  ftill  in  the  line  SN, 
which  has  not  changed  its  fituation.  But  then  the  re- 
prefentation  of  FG  does  not  fall  in  the  fame  part  of 
the  lineSN,  when  the  eye  is'^at  E,  as  when  it  is  at 
K  •,  for  the  farther  the  point  K  recedes  back,  the  lefs 
angle  the  line  FG  appears  under  *,  and  the  further 
the  reprefentation  of  it  is  from  S. 

Cor.  r.  ^he  further  the  eye  recedes  along  the  frin- 
eipal  rayi  the  lefs  any  line  appear Sy  which  is  perpendi- 
'  cular  to  the  picture. 

Cor.  2.  Wherever  the  eye  is  taken  in  the  'principal 
rayy  the  reprefentations  of  all  lines^  perpendicular  to 
the  piBure^  will  converge  to  the  point  of  fight.  And 
confequ-  ntly  the  pi^ure  will  appear  a  regular  piece  of 
perfpeSHvCy  to  an  eye  placed  any  where  in  that  line. 

Cor. 
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Cor.  3.  Likewife  by  the  fame  reafoning^  the  repre-  Fig. 
fentations  of  all  parallel  oblique  lines  will  tend  to  their   7. 
accidental  pointy  if  the  eye  recedes  in  the  line  drawn 
thro'  that  accidental  points 

Cor.  4.  Thefe  things  hold  true  in  an  inclined  pi^lure^ 
fuhftituting  lines  parallel  to  the  principal  ray^  infiead 
of  lines  ferp.  to  the  pi^ure* 

PROP.      X, 

If  a  light  be  put  in  the  place  of  the  eye,  and  the 
Jhadows  of  any  obje^fs  be  proje£led  on  a  plane  parallel 
to  the  pi^ure,  placed  behind  the  obje^s  •,  thefe  Jhadows 
will  form  a  piece  of  perfpe6tive  fimilar  to  that  made 
en  the  pi^ure,  when  the  eye  is  placed  in  the  point  of 
view  J  and  will  have  the  fame  appearance. 

For  the  image  made  by  the  fhadows,  is  formed 
by  rays  drawn  from  the  light  thro'  all  the  points  of 
the  objeds,  till  they  cut  the  parallel  plane.  And 
the  image  on  the  pidure,  is  formed  by  the  very 
fame  lines  cutting  the  pid:ure.  Therefore  thefe  two 
images,  upon  thefe  parallel  planes,  muft  needs, 
be  fimilar  j  and  will  appear  equal  to  an  eye  in  the 
point  of  view. 

Cor.  I.  The  images  of  objects,  formed  by  their  Jha- 
dows, on  a  plane  \  will  make  a  regular  piece  of  per* 
fpe5iive. 

Cor.  2.  The  images  formed,  by  the  fhadows  of  the 
fun^s  light,  make  apiece  of  military perfpe^ive. 

For  the  fun's  light  may  be  fuppofed  to  comc 
from  an  infinite  dillance. 


PROP. 
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Fig. 
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8.  If  the  hack  fide  of  the  picture  AC  he  a  plain  reflec- 
tor ;  and  if  the  eye  he  placed  at  O  in  the  principal  ray 
ES,  produced  as  far  heyond  the  pi^urei  Then  the 
eye  looking  towards  the  refle£lor^  will  fee  all  ohjeBs  in- 
the  fame  places  of  the  reflector  -,  as  an  eye  at  E  will 
fee  them  in  the  pi5lure. 

Let  F  be  any  point  of  an  obje6l,  and  draw  FIG 
perpendicular  to  the  pidure  cutting  it  in  I,  and 
make  Gl  zz  FI  •,  and  draw  SI  from  the  point  of 
fight  S.  Then  fince  both  EG  and  FG  are  perpen- 
dicular to  the  pidure,  the  point  F  feen  by  reflec- 
tion from  O,  or  diredly  from  E  will  appear  fome- 
where  in  the  plane  FEO,  and  therefore  fomewherc 
in  the  line  SI,  the  fedlion  of  it  with  the  pidure. 
But  (Optics,  B»  II.  Prop.  II.)  F  is  feen  by  reflec- 
tion in  the  line  GO,  and  F  is  feen  diredtly  in  the  line 
EF.  But  both  thefe  lines  interfed  at  V  in  the  line  SI. 
For  the  lines  GI  zr  FI,  and  ES  zz  OS,  and  SI  perpen- 
dicular to  them  all.  Therefore  their  interfedion 
mufl:  be  in  the  line  SI.  But  in  looking  towards 
the  refledor,  with  the  back  towards  the  objeds  ; 
the  right  fide  will  appear  on  the  left,  and  the  left 
on  the  right ;  being  contrary  to  what  they  are  when 
the  face  is  turned  the  contrary  way.  Now  what  .is 
proved  of  the  point  F,  holds  of  all  points  of  all 
objeds  whatever. 

Cor.  ^Tho^  all  ohjeUs  and  all  points  of  them  appear 
in  the  fame  places  hy  refie5fion  as  when  feen  direQly^ 
yet  the  face  heing  turned  the  contrary  way^  what  is 
on  the  right  will  appear  on  the  left^  and  what  is  on 
the  left  will  appear  on  the  right  hand. 


PROP. 
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PROP.     XII. 

In  viewing  any  piece  of  perfpe5five  of  a  country^  ci- 
ty^ (^c.  the  further  the  eye  is  placed  from  it ^  in  the 
principal  r ay  \  the  longer  the  draught  appears  to  be^ 
and  that  in  proportion  to  the  dijiance  of  the  eye, 

I  call  that  the  length  which  is  taken  along  the 
geometrical  plane,  as  it  runs  diredtly  from  the  pic- 
ture. 

Let  AC  be  the  piflure,  EA  the  principal  ray, 
CV  the  horizontal^  plane.  Let  E  be  the  point  of 
view^  for  which  the  profpecl  was  drawn.  Then  'tis 
plain  CB  reprefents  the  length  CF,  to  the  eye  at  E. 
Let  the  eye  be  removed  to  D,  in  the  principal  ray 
AED;  then  the  fame  CB  reprefents  the  length  CV. 
But  by  fmiilar  triangles,  CF  :  AE  :  :  (CB  :  AB  :  :) 
CV  :  AD ;  and  therefore  the  apparent  length  of 
the  draught  is  greatejT  at  D  than  at  E,  in  propor- 
tion of  AD  to  AE.  . 

Cor.  I.  Hence  in  any  given  piece  of  perfpe5tive^ 
the  further  the  eye  is  placed  from  the  pi5iure ;  the 
larger  and  more  extended  it  feems  to  be  5  and  the  near- 
er^ the  lefs  it  appears. 

Cor.  2.  No  perfpe&ive  view  will  appear  exactly  like 
the  original^  but  when  it  is  fsen  from  the  true  point 
of  view  for  which  it  was  made. 

For  when  it  is  feen  from  a  point  nearer  than  the 
true  point,  it  gives  too  fhort  a  view ;  and  if  from 
a  point  further  off,  the  view  is  too  long.  And  in 
no  pofition  of  the  eye  but  one,  can  all  lines  come 
from  the  objedls  to  the  eye,  to  cut  the  pi6ture  in 
the  fame  points.  And  therefore  the  fituation  of 
all  objedts  will  not  be  the  fame,  when  viewed  from 
different  points.  Whence  no  view  can  appear  fo 
natural,  as  when  feen  from  its  own  point  of  view. 

And 


Fig, 
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Fig.  And  then  all  rays  coming  to  the  eye  will  come  in 
g,    their  true  direftions,  and  make  an  appearance  ex- 
adly  fimilar  to  the  original. 

Cor.  3.  Tho'  the  objeSis  feem  greater  when  the  eye 
is  further  off ^  yet  they  really  appear  under  lefi  angles. 

For  in  this  cafe  the  reafon  of  their  appearing 
greater,  is  not  becaufe  the  feveral  parts  of  the  view 
appear  under  greater  angles,  for  they  really  appear 
under  lefTer ;  but  becaufe  the  view  appearing  long- 
er, we  judge  the  diftance  to  be  greater,  and  there- 
fore the  objects  feem  greater,  and  the  view  more 
exteniive.  But  this  apparent  greatnefs  arifing  mere- 
ly from  judgment,  it  may  be  different  in  different 
people, 

PROP.      XIII. 

If  any  print  or  perfpe5!ive  view,  he  looked  at  thro* 
a  lens^  whofe  focal  diftance  is  equal  to  the  principal 
ray^  and  the  print  placed  in  its  focus ;  //  will  he  fo 
magnified^  as  to  have  the  very  fame  appear ance^  as 
the  place  it  was  drawn  for. 

10.  Let  L  be  the  lens,  AC  the  pifture  placed  in  its 
focus,  whofe  focal  diftance  is  LS  zi  the  principal 
ray.  Then  (Cor.  10.  Prop.  XX.  B.  III.  Optics;, 
all  the  rays  ilTuing  from  the  piflure  AC,  in  its 
focus,  and  refraded  by  the  lens  L,  will  emerge 
parallel  to  the  eye  ;  therefore  they  come  to  the  eye 
as  they  do  from  the  objeds  at  a  great  diftance  j 
therefore  the  view  is  magnified.  Alfo  (by  Prop. 
XXXVII.  ib.)  the  apparent  magnitude  of  the  view, 
or  any  part  of  it  (that  is  the  angTe  it  appears  under),^ 
feen  thro*  the  lens  *,  is  the  fame  as  that  feen  by  the 
naked  eye  from  L,  that  is  from  the  point  of  view 
of  the  print.  But  the  apparent  magnitude  of  the 
view  or  any  part  of  it  ittw  from  L,  is  the  fame  as 
that  of  the  country   itfelf  (or  other  objeft)  feen 

from 
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from  L,  fince  the  fame  lines  go  to  all  the  corrCr  Fig. 
fpondent  points.     Therefore  the  angles,  the  whole  10. 
and  every  part  of  the  print  is  feen  under,  thro'  the 
lens,  are  the  fame  as  thofe  of  the  obje6t  or  objedls 
feen  with  the  naked  eye  from  L.     And  therefore 
both  muft  neceffarily  have  the  fame  appearance. 

Cor.  Glajfes  which  are  not  of  a  due  focal  lengthy 
will  not  give  the  exa^  appearance  of  a  place.  Shorter 
glajfes  make  the  diftances  lefs^  and  fo  contrail  the  view. 
And  longer  glajfes  make  the  diftances  gr eater ^  and  ex- 
tend the  view. 

For  by  Prop.  XII.  the  further  the  eye  Is  off,  the 
larger  and  more  extended  the  draught  appears. 
And  when  'tis  feen  thro'  a  lens  of  any  focal  dif 
tance,  it  appears  equally  large,  as  feen  at  that  dif- 
tance  with  the  naked  eye.  Therefore  it  follows 
that  a  print  feen  thro'  a  lens  of  a  long  focus,  ap- 
pears larger  than  when  feen  thro'  one  of  a  lelfer 
focus. 

Scholium. 

Since  glaffes  of  a  long  focal  diftance,  give  a 
large  and  extenfive  profped  of  a  country,  there- 
fore they  are  better  than  fhorter  glalTes.  And  when 
the  profpedts  are  well  drawn,  and  properly  colour- 
ed ;  it  is  very  delightful  to  view  them  thro'  a  good 
glafs,  as  they  fo  nearly  imitate  nature.  And  the* 
there  is  but  one  focal  length  that  will  give  a  true 
appearance,  yet  the  draught  will  always  appear  a 
regular  piece  of  perfpe6live,  tho'  it  may  not  ex- 
adtly  reprefent  any  place  in  the  world,  fuppofing 
the  eye  placed  fomewhere  in  the  principal  ray.  And 
the  draught  will  feem  longer  in  proportion  to  the 
focal  diftance  of  the  glafs  made  ufe  of;  or  in  pro- 
portion to  the  apparent  diftance  of  the  neareft  part 
of  the  pidlure. 

As  there  is  nothing  more  pleafant  than  viewing 
the  draughts  of  countries,  towns,  cities,  magnifi- 
cent 
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Fig.  cent  buildings,  and  other  grand  objeds,  when  well 

10.  drawn:  to  fee  them  to  the  beft  advantage,  the  fo^ 
cal  diftance  of  the  glafs  Ihould  be  juft  fo  long,  as 
not  to  ftiew  the  fcratches,  and  coarfenefs  of  the 
engraving  -,  or  not  much  longer  -,  for  then  the  view 
will  be  narrow,  and  the  parts  too  fmall  to  be  feen  fo 
far  off.  And  if  it  be  far  off,  it  will  hide  the  beau- 
ties as  well  as  deformities.  And  to  get  a  proper 
glafs,  obferve  at  what  diilance  the  fcratches  dif- 
appear  to  the  naked  eye,  and  that  is  the  focal 
length  of  the  glafs.  Perfpedtive  views  Ihould  be 
drawn,  fo  that  the  point  of  view  be  further  off, 
than  is  generally  pra6tifed,  if  you  would  have  the 
piece  to  be  a  true  copy  of  nature.  The  principal 
ray  Ihould  not  be  lefs  than  two  foot,  and  then  the 
draught  being  looked  at  thro'  a  lens  of  that  focal 
diftance,  it  will  appear  in  perfedlion,  and  give  a 
true  reprefentation  of  the  place  it  was  drawn  for. 
The  view  fhould  be  ^o  large  as  to  fubtend  an  angle 
at  the  lens  of  about  30  degrees.  And  it  is  proper 
to  put  the  lens  in  a  ihort  fquare  tube  -,  which  v^ill 
confine  the  fight,  and  diredt  it  to  the  perfpeftive 
draught ;  which,  to  compleat  its  beauty,  ought  to 
be  coloured  with  the  fame  colours  as  the  natural 
objeds  appear  in.  For  which  purpofe  water  colours 
need  only  be  ufed,  as  being  fufficient  for  that  pur- 
pofe. 

PROP.     XIV. 

11.  If  G  he  any  point  in  the  geometrical  plane^  GF 
perpendicular  to  the  ground  line  DC ^  S  the  point  of 
fight ^  and  SF,  EG  drawn.     The  reprefentation   of 

G,  fhall  he  at  P  in  the  line  SF  j  and  fo  placed^  that' 
ES  :  SP:  :  GF  :  FP. 

For  fmce  GF  and  ES  are  parallel,  they  are  both 
in  one  plane,  which  plane  cuts  the  pidure  in  the 
line  SF.  And  all  lines  as  EG,  drawn  from  E  to  any 

point 
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point  of  the  perpendicular  GF,  will  interfe6l  the  Fig. 
pidure  in  the  line  SF -,  thus  EG  interfeds  it  in  P,  n,- 
and  therefore  P  is  the  pidure  of  G.     Now  the  tri- 
angles ESP,  GFP  are  fimilar,  for  by  the  parallels, 
angle  SEP  zz  FGP,  and  the  vertical  angles  at  P 
are  equal  5  therefore  GF  :  FP  :  :  ES  :  SP. 

Cor.  I.  If  G  be  any  point  in  the  geometrical plam^ 
GF  perp,  to  the  ground  line^  and  SF  drawn^  and  EG 
to  inierfe£f  SF  in  P.  ^hen  P  the  image  of  G  will  he 
fo  placed^  that  the  fum  of  the  principal  ray  and  per- 
pendicular ES  +  FG  :  to  the  line  SF  :  :  as  the  prin- 
cipal ray  ES  '.  to  SF  the  diftance  of  the  image  F  from 
S :  when  the  point  G  is  beyond  the  picture.  But 
when  G  is  on  this  Jide  the  pi5lure^  you  mufi  take  ES 
—  FG. 

For  fmce  ES  :  SP  :  :  GF  :  FP,  therefore  ES  + 
GF  :  SP  +  PF  (SF)  :  :  ES :  SP.  AndES  —  gF  : 
Sp^pF  {SF)  iiFSiSp, 

Cor,  2.  If  the  piEiure  AC  is  oblique  to  the  geome^ 
trical  plane^  the  fame  proportions  will  hold  good. 

This  is  evident,  becaufe  ES  and  FG  will  ftill  be 
parallel,  and  the  triangles  ESP,  and  GFP  fimilar. 

Cor.  5.  Hence ^  if  the  given  point  be  beyond  the  pic- 
ture^ its  image  will  he  above  the  ground  line  \  if  on 
the  fame  fide  as  the  eye^  it  will  appear  below  the 
ground  line, 

PROP.      XV. 

^he  length  of  a  line  GF  ftanding  upright  upon  the  12, 
geometrical  plane.,  is  to  the  length  of  its  image  gf  in 
the  picture  \  as  the  hight  of  the  eye  ER,  to  the  dif- 
tance of  the  image  of  its  foot  from  the   horizontal 
line^  gn. 

Let  E  be  the  eye,  RGB  the  geometrical  plane, 

ESTNV  the  horizontal  plane.     Produce  GF  and 

C  its 
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Fig.  its  reprefentation  gf^  to  cut  the  horizontal  plane 

12.  at  N  and  n^  and  draw  NT  parallel  to  VA.  Then 
fince  GFN,  and  gfn  are  parallel,  the  triangles 
EGF,  E^/,  as  alfo  EGN,  "Egn  are  fimilar,  whence 
FG  :/^  :  :  EG  :  E^  :  :  GN  :  gn  :  :  ER  :  gn.  . 

Cor.  I.  As  the  diftance  of  the  line  from  the  eye^  t$ 
the  diftance  of  its  image  from  the  eye^^  fo  the  length  of 
the  line^  to  the  length  of  its  image. 

For  by  fimilar  triangles,  FG  '-fgi-  EG  :  E^  :  ; 
DNiE;?. 

Cor.  2.  As  the  diftance  of  the  eye  from  the  plane 
TNG  (in  which  the  line  is),  to  the  diftance  of  the 
eye  from  the  pi5lure  ES,  fo  the  length  of  the  line  FG, 
to  the  length  of  its  image  fg. 

For  FG  :^  :  :  EN  :  E;^  :  :  ET  :  ES. 

Cor.  3.  ^he  fame  is  true  on  an  inclined  pibure^ 
provided  the  line  FG  he  parallel  to  the  vertical  line  SX. 

For  the  triangles  EGF,  E^will  be  ftill  fimilar^ 
as  alfo  EGN,  and  ^gn. 

Scholium. 
This  propofition  is  the  foundation  of  all  fcheno- 
graphy.  By  its  help  all  elevations  are  performed, 
the  pofitions  and  hights  of  all  folids  truly  laid 
down.  And  the  fchenographic  reprefentations  of 
all  bodies  exadly.  delineated. 

PROP.      XVI. 

If  a  point  he  elevated  above  the  geometrical  plane^ 
it  is  the  fame  thing  as  if  it  was  in  a  new  geometrical 
plane  raifed  fo  much  higher,  as  is  the  hight  of  that 
point,     khe  point  of  diftance  remaining  the  fame. 

13.  Let  E  be  the  eye,  S  the  point  of  fight,  AC  the 
pi6i:ure5    IHQ^the  geometrical  plane,  and  GF  a 

line 
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line  {landing  perpendicularly  upon  it.  Thro'  the  Fig. 
top  F  draw  the  plane  KLMN,  which  will  cut  the  13, 
pidture  perpendicularly  in  the  line  dfc^  and  the 
hight  of  the  eye  in  r.  Therefore  if  we  make  this 
new  plane  the  geometrical  plane,  the  point  F  will 
be  a  point  in  it.  And  the  hight  of  the  eye  will  be 
Er,  and  ground  line  dc.  And  the  hight  of  the 
eye,  and  the  pidlure  will  be  fhortened  by  the  hight 
Rr  or  FG  orj^;  while  the  point  of  diftance,  and 
principal  ray  ES  remains  the  fame. 

Cor.  And  thus  every  pointy  elevated  ahove^  or  det 
prejfed  helow^  a  given  georaetrical  plane  ;  may  be  af" 
fumed  in  fome  other  geometrical  plane^  drawn  thro^_ 
that  pointy  parallel  to  the  firfi, 

PROP.      XVII. 

If  ¥.  be  the  eye^  AC  the  horizontal  plane ^  ER  the  14. 
geometrical  plane.  And  if  any  objects  {fttiiated  in  the 
plane  GR  perpendicular  to  the  horizon)  are  to  be 
drawn  upon  the  plane  AC,  for  the  picture.  'They  will 
appear  in  the  fame  places^  as  when  the  hight  of  the 
eye^  and  the  dijtance^  are  changed  for  one  another. 

For  let  G  be  a  point  to  be  reprefented  in  the 
plane  SC.     Draw  the  line  EG  to  cut  SC  in^,  and 

g  will  be  its .  place  in  that  plane  \  where  ES  is  the 
hight  of  the  eye,  and  SC  its  diftance.  But  this  is 
the  very  fame  thing  as  if  ER  was  the  hight  of  the 
eye,  and  ES  its  diftance,  AC  the  picture,  and  RG 

.  the  geometrical  plane,  in  which  the  point  G  is  fitu- 
ated.  This  will  be  evident,  by  turning  the  v/hole 
figure  about,  till  RG  becomes  the  bafe  •,  for  then  E 
being  the  eye,  ER  is  its  hight,  ES  its  diftance,  &c. 

Cor.  Hence  the  fame  rules  that  ferve  for  drawing 
upon  a  vertical  plane^  will  alfo  ferve  for  drawing 
.  upon  a  horizontal  one. 

C  2  PROP. 
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PROP.     XVIII. 

7'he  Jhadow  of  a  right  line^  upon  a  flam  caufed 
hy  any  lights  is  alfo  a  right  line. 

For  if  a  plane  be  drawn  thro'  the  light,  and  the 
given  right  line,  and  extended  to  the  plane,  it  will 
cut  that  plane  in  a  right  line  (Geom.  V.  3.) ;  and 
it  is  evident  this  line  of  fedion  is  the  fhadow  of  the 
given  line. 

Cor.  I.  If  the  right  line  given  he  parallel  to  the 
plane ^  its  fhadow  will  be  parallel  to  that  line. 

For  the  line  being  parallel  to  the  plane  will  be 
parallel  to  the  fedion,  (Geom.  V.  11.  Cor.). 

Cor.  2.  If  the  right  line  go  thro*  the  light y  its 
fhadow  is  only  a  point. 

Cor.  3,  "the  image  of  the  fhadow  {of  a  right  lint 
upon  a  plane)  will  alfo  he  a  right  line. 

This  is  evident  by  Prop.  II.  confidering  the  fha- 
dow as  an  objed. 

Cor.  4.  If  fever al  parallel  lines  he  parallel  to  a 
plane^  all  their  fhadows  will  be  parallel  to  one  ano- 
ther and  to  thefe  lines. 

This  is  plain  by  Geom.  V.  8.  and  Cor.  i.  of  this. 

Cor.  5.  And  if  the  light  he  at  a  great  diftance ; 
the  fhadows  of  any  parallel  lines y  will  he  parallel  t9 
one  another. 

For  then  the  planes  pafling  thro*  thefe  lines,  and 
the  light  may  be  efteemed  parallel.  And  therefore 
(Geom.  V.  11.)  thefe  fhadows,  or  their  fedtions 
with  any  other  plane,  will  be.  parallel. 


PROP. 
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Fig. 
PROP.      XIX. 

The  images  of  all  rays^  proceeding  either  from  the 
fun  or  a  fmall  lights  tend  to  the  image  of  that  light 
in  the  fibiure. 

For  the  image  of  the  light  is  the  image  of  one 
end  of  any  ray  proceeding  from  that  light;  and 
the  ray  being  a  right  line,  its  image  will  be  a  right 
line,  proceeding  thro'  the  image  of  the  light,  or 
tending  to  it. 

Cor.  I,  l!he  image  of  the  Jhadow  of  any  pointy  is 
in  the  right  line  drawn  thro^  the  image  of  that  point ^ 
end  the  image  of  the  light. 

Cor.  2.  "Hhe  images  of  all  bodies  are  terminated^  by 
lines  drawn  thro*  the  image  of  the  lights  and  thrc^ 
the  images  of  the  extremes  of  thefe  bodies^ 

P  R  O  P.     XX. 

If  a  right  line  FG  be  parallel  to  any  plane  PQ^;  I5* 
the  image  ik  of  its  fhadow  IK  upon  that  plane ^  {by 
any  fort  of  light)^  fhall  tend  to  the  accidental  point. 
O,  of  that  right  line. 

For  (by  Cor.  i.  Prop.  XVIII.)  the  line  FG  and 
its  fhadow  IK  will  be  parallel;  and  (Cor.  i.  Prop. 
iV.)  the  images  of  thefe  parallel  lines  FG,  IK, 
tend  to  the  accidental  point  of  FG,  that  is  to  O. 

Cor.  I.  If  a  line  be  perpendicular  to  the  pi5lure, 
the  image  of  its  fhadow^  upon  the  geometrical  or  ver^ 
tical  planes^  or  their  parallels^  tends  to  the  point  of 
fight. 

For  then  the  line  is  parallel  to  both  the  geome- 
trical and  vertical  planes. 

C  3  Cor. 
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Fig.      Cor.  2.  If '  a  line  he  perpendicular  to  the  vertical 
15.  plane  ;  the  image  of  its  fhadow  upon  the  geometrical      ;| 
plane^  or  the  pitlure^  or  their  parallels^  is  parallel  to       "'■ 
the  ground  line. 

For  then  it  is  parallel  both  to  the  geometrical      | 
plane,  and  the  pidure.  ^ 

Cor.  g.  If  the  line  he  perpendicular  to  the  geome-      j 
trie al  plane  %  the  image  of  its  fhadow  upon  the  picture 
and  vertical  plane^  and  their  parallels^  is  parallel  to 
the  vertical  line. 

For  then  the  line  is  parallel  to  the  vertical  plane 
and  the  picture. 

PROP.     XXL 

1 5.  If  1^  he  the  image  of  the  fun  in  the  piElure^  which 
is  helow  the  horizontal  line  AS,  when  the  fun  is  he- 
fore  the  picture  \  or  ahove  it,  when  heyond.  And  if 
LI,  LN,  he  drawn  parallel  to  AS.,  SX;  cutting  the 
vertical  line  SX  in  I,  and  the  horizontal  line  AS  in 
N,  and  SL  he  drawn  'Then  if  a  right  line  he  ex- 
pofed  to  the  fun^s  light ;  the  image  of  the  fhadoWy 
which  fuch  a  line.,  perpendicular  to  the  picture.,  or 
vertical  plane.,  or  geometrical  plane,  or  their  parallels^ 
cafis  upon  the  faid  plane,  is  parallel  to  SL,  tends  to 
J,  or  tends  to  N,  refpe^ively. 

I.  The  lliadow  of  the  principal  ray  ES  will  be 
LS.  For  L  is  the  image  of  the  fun  in  the  pic- 
ture, and  a  line  drawn  thro'  L  and  the  eye  at  E, 
paffes  thro'  the  fun  ;  and  therefore  L  is  the  fhadow 
of  E.  But  planes  drawn  from  the  fun,  thro'  all 
the  parallels  to  ES,  will  cut  the  pidlure  AC  in  pa- 
rallel lines  •,  becaufe  the  fun  is  at  an  infinite  dif- 
tance,  and  therefore  thefe  planes  are  parallel,  and 
their  fedions  with  the  pidure,  parallel  (Geom.  V. 
11);  that  is,  the  fhadows  of  the  lines  perpendicu- 
lar 
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Jar  to  AC  will  be  parallel  to  one  another  on  the  Fig. 
pidure,  and  to  SL.  1  ^. 

2.  If  feveral  lines  be  perpendicular  to  th^  verti- 
cal plane  EPQR  ;  their  fhadows  upon  the  plane 
will  be  parallel  to  one  another,  as  appears  from 
what  is  demonftrated  juft  now.  But  thefe  Ihadows 
being  taken  for  objeds,  their  appearances  in  the 
pidure  (by  Prop.  IV.  Cor.  i.J  will  tend  to  their 
accidental  point,  which  is  I.  For  the  fhadow  of  a 
line  paffing  thro'  E,  parallel  to  AS,  will  fall  upon 
LI  (Cor.  I.  Prop.  XVIIL),  and  that  fhadow  fall- 
ing on  the  vertical  plane,  will  be  parallel  to  the 
other  fhadows  on  that  plane,  and  alfo  in  the  line 
EI.  Therefore  EI  being  parallel  to  all  the  fha- 
dows, I  will  be  their  accidental  point. 

3.  Since  L  is  the  fhadow  of  E,  the  fhadow  of 
ER  perpendicular  to  the  horizontal  plane,  will  fall 
in  the  line  GLN.  And  (Cor.  5.  Prop.  XVIII.) 
the  fhadows  of  all  lines  perp.  to  the  geometrical 
plane  will  be  parallel  to  RG,  which  is  the  fhadow 
of  ER.  And  fince  EN  is  parallel  to  RG,  N  will 
be  the  accidental  point  of  RG,  and  of  all  the  fha- 
dows, upon  the  geometrical  plane.  And  therefore 
their  reprefentations  in  the  picture  tend  to  N. 

And  the  fame  is  true  of  the  images  of  the  fha- 
dows upon  any  parallel  planes  j  fmce  thefe  fhadows 
are  parallel  to  the  former. 

Cor.  If  the  fun  is  in  the  plane  of  the  piBure^  the 
appearance  of  the  fhadow  of  any  line  perp.  to  it,  is  - 
parallel  to  a  ray  of  the  fun  falling  on  it.  If  in  the 
plane  of  the  vertical  plane,  they  tend  to  I.  If  in  the 
horizontal  plane,  they  tend  to  N.  And  the  fame  for 
their  parallels* 
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PROP.      XXII. 

,  ne  image  of  the  Jhadow^  which  a  line  perpendicu- 
lar to  any  plane  cafts  upon  that  plane^  tends  to  the 
image  of  the  point  of  fituation  of  the  light  upon  that 
plane  \  that  is^  to  the  image  of  the  point  where  a  per^ 
pendicular  from  the  light  falls  upon  that  plane, 

I  j^  Let  D  be  any  light,  BF  a  line  perpendicular  to 
the  plane  KH,  draw  DI  perp.  to  the  fame  plane  ^ 
then  I  is  the  point  of  fituation  of  the  light  upon 
the  plane  KH.  Then  fince  BF,  and  DI  are  paral- 
lel, they  will  be  in  one  plane,  DBFI ;  and  the  fha- 
dow  of  BF  will  be  in  the  fame  plane.  But  this 
plane  cuts  the  plane  KH  in  the  line  IFG.  But  the 
image  of  that  line  in  the  pidture  (by  Prop.  II.)  is 
alfo  a  right  line  ifg.  Therefore  fg^  which  is  the 
image  of  the  Ihadow  FG,  tends  to  i^  which  is  the 
image  of  I,  the  fituation  of  the  light. 

Cor.  I.  If  the  fhadow  of  a  line  perp,  to  aplane^ 
fall  on  that  plane  and  others  parallel  to  it ;  the  images 
of  the  fever al  parts  tend  to  the  accidental  point  of  any 
part. 

For  thefe  parts  being  parallel,  their  reprefenta- 
tions.(by  Cor.  i.  Prop.  IV.)  tend  to  the  accidental 
point. 

Cor.  2.  If  many  parallel  lines  ft  and  at  any  inclina- 
tion upon  the  plane  KH ,  and  if  DI  he  drawn  from 
the  light  D  parallel  to  thefe  lines^  cutting  the  plane  in 
I.  'ihen  the  images  of  all  the  fhadow s  will  tend  to 
the  image  of  I  in  the  picture. 

For  the  plain  pafTing  thro'  DBF  will  ftill  cut  the 
plane  KH  in  the  right  line  GFI. 

PROP. 
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Fig. 
PROP.      XXIII. 

The  properties  of  an  inclined  pi5iure  ABC  are  the  18. 
fame  as  thofe  of  an  upright  one ^  in  regard  to  the  places y 
pofitions^  and  magnitudes  of  any  points^  lines  or  fi- 
gures ;  taking  ER  for  the  hight  of  the  eye^  parallel  to 
the  vertical  line  SX.  And  infiead  of  lines  perpendi-^ 
cular  to  the  pi5iure  or  to  the  geometrical  plane^  taking 
the  fame  lines  parallel  to  ES  or  SX. 

Let  NGbe  a  line  in  the  geometrical  plane  paral- 
lel to  the  ground  line  XC ;  ng  the  image  of  it  in 
the  pidure.  Then  the  plane  ENG,  drawn  thro* 
the  eye  at  E,  and  the  line  NG  which  is  parallel  to 
the  pidlure,  will  cut  the  pidure  in  the  line  ng  pa- 
rallel to  ISlG.  And  fo  would  it  do  in  the  upright 
table,  by  Prop.  III. 

Let  GF  be  a  line  {landing  upon  the  geometrical 
plane  at  G,  parallel  to  SX.  Then  fg  its  image 
will  alfo  be  parallel  to  SX,  or  perpendicular  to  CX. 
And  fo  it  is  in  the  upright  pidure,  by  Cor.  2. 
Prop.  III. 

Draw  RG  which  will  meet^  at  I  in  the  ground 
line  CX.  Then  by  fimilar  triangles,  GF  :  gf :  : 
GE  :  ^E  :  :  RG  :  RI  :  :  RE  :  I^ ;  which  are  the 
fame  proportions  we  have  in  Prop.  XV.  for  the  up- 
right pidure.  Likewife  NG  :  ng  :  :  EG  :  E^  :  : 
ER  :  ^I  •,  which  is  the  fame  porportion,  as  in  the 
upright  pidure. 

So  that  whether  the  pidure  and  the  lines  ER, 
FG,  ftand  floping,  or  upright  upon  the  line  CX, 
at  the  points  R  and  G ;  the  reprefentations  of  the 
lines  NG,  GF,  will  fall  in  the  fame  places  of  the 
pidure,  and  be  of  the  fame  magnitudes  in  it. 

Cor.  Hence  if  a  perpendicular  folid^  as  a  prifm  or 
cylinder^  i^c,  as  DM,  is  to  be  drawn  j  before  this  can 
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Fig.  he  done^  hy  the  rules  for  upright  pi5fures^  lines  mufi 
\%,  he  drawn  from  the  top  D  to  the  geometrical  plane^  pa- 
rallel to  SX,  as  Dm.     Then  hy  having  the  length  of 
tnD-,  the  image  of  D  may   he  found  \  and  then  the 
.    im,age  of  yi^  and  the  f olid  compleated. 

Scholium.. 
.Hitherto  I  have  been  laying  down  fuch  princi- 
ples as  are  the  foundation  of  the  whole  practice  of 
perfpedive ;  which  being  well  underftood,  the  rea- 
fon  of  the  feveral  operations  in  the  pradice  will  ea- 
fily  be  Ihev/n  and  made  intelligible. 

And  tho'  objects  may  be  drawn  in  perfpedbivc 
various  v/ays,  either  upon  a  plane  perpendicular  to 
the  horizon,  or  parallel  to  it,  or  inclined  in  any 
given  angle;  yet  fmce  almoft  all  objeds  ftand  per- 
pendicular to  the  horizon,  and  all  views  and  per- 
fpedtive  draughts,  are  hung  againft  a  wall,  which 
is  alfo  perpendicular  to  the  horizon.  And  fmce 
the  rules  for  drawing  are  the  molt  fimple  and  eafy, 
when  the  pidture  is  in  that  pofition.  Therefore  I 
have  given  all  the  principles  in  full  for  that  fort  of 
projeSion.  And  in  order  to  extend  the  rules  to 
other  kinds,  I  have  given  fome  proportions,  View- 
ing how  the  other  forts  may  be  reduced  to  this. 

Alfo  as  it  is  moft  natural  to  look  at  a  draught  of 
a?vy  thing  direftly,  rather  than  obliquely.  And 
all  towns,  cities,  caftles,  towers,  churches,  edifices 
of  all  forts,  ftand  in  a  perpendicular  pofition,  this 
fort  muft  be  efteemed  the  moft  natural  of  any,  as 
well  as  the  moft  ready,  familiar,  and  eafy. 

And  thp'  the  objedts  I  have  been  defcribing, 
are  fuch  as  fall  below  the  horizontal  line,  and  be- 
yQnd  the  pidure.  Yet  all  the  propofitions  are 
equally  true,  tho'  the  objeds  are  never  fo  highj 
or  when  they  are  between  the  eye  and  the  pidure. 
But  to  have  drawn  them  fo,  would  have  required 
larger  figures  and  more  room. 

And 
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And  fince  fhadows  ferve  to  diftinguifli  the  dif-  Fig* 
ferent  fides  of  a  body,  and  to  fhew  us  what  fides 
are  towards  the  light,  and  what  from  it,  and  there- 
by enable  us  to  judge  of  the  pofitions  of  all  the 
parts  of  it ;  and  upon  this  account  they  give  life  to 
a  piece  of  perfpedive,  and  are  the  chief  ornament 
and  beauty  thereof.  And  as  this  light  may  either 
come  from  the  fun,  whofe  rays  are  to  be  efteemed 
parallel  to  one  another,  as  coming  from  an  infinite 
dillance.  Or  they  may  proceed  from  a  fmall  light 
as  a  lamp  or  a  candle ;  and  then  they  diverge  from 
a  point  near  hand.  And  fince  a  perfpedlive  draught 
is  imperfedl  without  fhadows  ;  therefore  I  have  laid 
down  a  few  propolitions,  jfhewing  the  diredion  and 
pofitions  of  the  fhadows  of  bodies  upon  all  forts 
of  planes,  by  any  fort  of  light ;  from  whence  the 
method  of  laying  them  down  in  perfpedive  is 
cafily  deduced. 


SECT, 


Fig, 
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T^e   PraEiical   Rules  for   drawing  in 
Perspective. 


HAVING  in  the  firft  fedion  treated  of  the 
theory  or  fundamental  principles  of  perfpec- 
tive  •,  I  come  now  to  lay  down  the  rules  by  which 
ail  the  operations,  in  the  practical  part,  are  per- 
formed. All  which  are  eafily  deduced  and  demon- 
ftrated  from  the  foregoing  theory. 

The  nature  and  foundation  of  drawing  in  per- 
fpedive  is  eafily  underftood,  by  looking  thro'  a 
glafs  window,  and  viewing  the  feveral  objeds  with- 
out, and  whilfl  you  keep  your  eye  fixed  fteady  in 
one  place,  imagine  thefe  objeds  painted  on  the 
glafs  in  the  fame  places  they  appear  in ;  that  is,  in 
the  places  where  the  rays  coming  from  the  feveral 
objecls  to  the  eye,  meet  the  glafs.  For  if  fuch 
pidures  of  the  feveral  objeds  were  adually  de- 
fcribed  upon  the  window,  it  would  be  really  a  per- 
fpedive  draught.  But  then  it  would  only  be  drawn 
mechanically,  without  any  rules  of  art.  Whereas^ 
by  the  pradical  rules,  which  will  be  here  laid  down, 
the  very  fame  draught  may  be  made,  without  look- 
ing at  the  objeds  \  and  that  from  certain  data,  fuch 
as  the  diftance,  pofition,  altitude,  &c.  of  the  feve- 
ral objeds  to  be  defcribed. 

The  pradical  part  of  perfpedive  is  either  dired 
or  inverfe  \  the  direEi  method  is  that  by  which  the 
appearance  of  any  given  objed  is  reprefented  in 
the  plane  of  the  pidure.  And  the  inverfe  method 
is  that  which  finds  out  the  objed,  by  having  its 
image  given  in  the  pidure.     In  what  follows  we 

ftiall 
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fhall  fuppofe  the  pidure  dire6tly  oppofed  to  the  Fig. 
eye,  and  by  the  help  of  fuch  lines  and  points,  as 
we  have  given,  we  (hall  find  the  appearance  of  any 
objed  upon  that  plane.  In  what  went  before  con- 
cerning the  demonftrations,  we  were  obliged  to  view 
it  fideways  •,  that  the  eye  might  fee  all  the  interfec- 
tions  of  the  feveral  lines  and  planes  concerned 
therein;  many  of  which,  in  any  other  pofture, 
would  be  hid  from  the  eye  •,  fo  that  each  of  thefe 
figures  is  really  itfelf  a  piece  of  perfpedive.  But 
thefe  principles  being  eftablilhed,  we  fliall  have  no 
further  occafion  for  it  in  that  pofition  •,  but  fuppofe 
it  placed  diredly  before  the  eye,  as  it  is  to  be  ken 
from  the  point  of  view. 

In  the  dired  method,  we  find  firft  how  to  place 
the  image  of  a  point  in  the  geometrical  plane,  in 
the  pidure.  Then  the  image  of  a  line  in  the 
geometrical  plane  is  found,  by  finding  the  images 
of  the  extreme  points.  Then  the  image  of  any 
plain  figure  is  found,  by  finding  the  reprefentations 
of  all  the  fides.  Thofe  of  curve  lines  are  found, 
by  finding  a  good  number  of  points,  and  drawing 
a  curve  regularly  thro'  them.  The  image  of  a 
line  perpendicular  to  the  geometrical  plane,  is  ea- 
fily  found  by  having  the  point  or  bafe  given.  And 
then  the  image  of  a  floaping  line.  The  image  of 
a  folid  is  had  by  finding  the  image  of  its  bafe,  and 
then  ereding  perpendiculars  at  the  angles,  of  a 
proper  hight  ♦,  and  joining  the  tops  of  them  by 
right  lines. 

In  ^eneral^  the  images  of  all  lines  in  the  geome- 
trical plane,  which  are  perp.  to  the  ground  line, 
converge  to  the  point  of  fight.  And  thofe  that  cut 
it  obliquely  tend  to  their  accidental  point.  And 
the  images  of  all  lines  parallel  to  one  another,  ex- 
cept fuch  as  are  parallel  to  the  pidure,  converge 
to  fome  point  or  other. 

^  All 
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Fig.  All  lines  parallel  to  the  ground  line,  have  their 
reprefentations  on  the  table  parallel  thereto.  And 
the  images  of  all  lines  perpendicular  to  the  geome- 
trical plane,  are  perpendicular  to  the  ground  line. 
All  thefe  things  will  be  exemplified  particularly  in 
what  follows. 

P  R  O  B.      I. 

^0  reprefent  an  ohje5i  hy  military  prfpEtive, 

Military  or  orthographic  perfpedtive  is  the  draw- 
ing lines  thro'  all  the  points  of  the  objedt  perpen- 
dicular to  the  plane  of  the  pidlure,  placed  in  a 
proper  pofition  \  and  then  connecting  all  the  points 
by  right  lines  as  they  are  in  the  objedl.  Here  all 
lines  that  are  not  diredly  expofed  to  the  eye,  muft 
be  made  lefs  than  they  are,  fo  much  as  the  obli- 
quity is  greater.  Angles  may  appear  either  bigger 
or  lefTer  .than  the  truth,  according  to  the  pofition 
of  the  plane  of  their  fides.  All  lines  that  are  pa- 
rallel in  the  objed:,  muft  be  parallel  in  the  pidlure. 
And  thofe  perpendicular  to  the  horizon,  muft  be 
perp.  to  the  ground  line. 

The  practice  is  eafy.  Draw  any  line  for  the 
ground  line,  and  the  obje6t  being  placed,  or  fup- 
pofed  to  be  placed,  in  a  convenient  fituation ;  let 
fall  perpendiculars  from  every  point  or  angle  of 
it  upon  the  plane  of  the  pidure ;  drawn  in  obfcure 
lines;  all  thefe  will  be  perpendicular  to  ihe  ground 
line.  Then  lines  muft  be  drawn  from  one  point 
to  another  as  they  are  in  the  objed:. 

Or  thus^  Draw  the  plan  or  bafe  of  the  obje6l, 
and  draw  from  all  the  angles,  the  feveral  altitudes 
of  the  parts  of  the  objed  in  thefe  places,  parallel 
to  one  another ;  and  perpendicular  to  the  ground 
line,  all  in  obfcure  lines.  Then  join  the  tops  of 
thefe  lines,  by  drawing  otlier  lines,  as  they  are  in 
the  objed,  and  all  lines  belonging  thereto  that  are 

vifibie  •, 


Sea.  II.      PERSPECTIVE.  31 

vifible  •,  rubbing  out  thofe  that  are  hid  fram  the  Fig. 
eye.  But  ftridly  fuch  lines  as  are  not  dire6tly  op- 
pofed  to  the  eye  mull  be  diminifhed,  according  to 
the  fine  of  the  angle  of  incidence,  from  the  eye. 
And  the  angles  will  be  increafed  or  decreafed,  in 
confequence  of  that  obliquity.  Laftly,  the  feveral 
parts  or  planes  compofing  the  furface  of  the  body, 
that  lie  from  the  eye  muft  be  lliaded ;  the  more, 
the  more  oblique  they  are. 

Sometimes  you  muft  draw  the  front  or  profile  as 
well  as  the  plan,  to  fhew  the  feveral  altitudes. 

Examp.  I. 
Let  OPQRS  be  a  piece  of  fortification  feen  in  19. 
front.  ABEF  is  the  plan,  where  all  the  lines  BA, 
CD,  &c.  perpendicular  to  the  ground  line  BE,  are 
reduced  in  length  in  the  proportion  of  aB  to  AB, 
by  reafon  of  the  obliquity  of  the  rays,  upon  the 
lines  AB,  CD,  in  the  bafe.  GHIKLMN  is  the 
front,  where  all  the  lines  H^,  L',  &c.  are  fhorten- 
ed  in  proportion  of  the  radius  to  the  fine  of  incli- 
nation of  the  rays  upon  the  lines  Hi?,  I/,  &c.  in 
front,  or  plane  GLMN.  Then  the  figure  OV/RS, 
being  made  equal  toGHLMN,  and  the  lines  OP, 
Yvy  &c.  and  RQ,  be  made  equal  to  BA,  CD, 
&c.  and  EF  •,  and  the  lines  joining  on  the  feveral 
planes  be  drawn,  as  Pi;,  OV,  /R,  &c.  the  folid 
will  be  formed-,  which  being Ihaded,  gives  the  trite 
appearance  thereof  OPQRS,  according  to  this  me- 
thod of  drawing. 

Ex.  2. 
ABCD  is  a  table,  feen  both  in  front  and  profile.  20. 
Let  EC  be  the  ground  line,  EF  a  line  parallel  to 
the  front.  MG  the  length  of  the  table,  MF  the 
length  contraded  by  the  obliquity  of  the  lines  in 
the  front,  parallel  to  the  ground  line;  and  MK 
perp.  to  MF,  is  the  breadth ;  and  MH  the  con- 
traded 
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Fig.  trailed  breadth,  by  the  obliquity  of  the  lines  perp» 
20.  to  the  line  EF.  Make  HI  zz  HK,  and  draw  IN 
parallel  to  MF,  and  make  ML  ~  MH,  and  draw 
FN  parallel  to  ML  -,  then  LNFM  is  the  plan. 
Make  thefigure  OCDP  equal  and  fimilar  to  LMFN. 
And  on  the  points  O,  C,  D,  P,  raife  the  perpen- 
diculars OQ,  CR,  DS,  PT,  equal  to  the  con- 
tradled  hights  of  the  table  by  the  obliquities  of  the 
lines  OQ,  CR,  &c.  Draw  a  plane  ABV,  thro'  the 
points  Q,  R,  S,  T,  whofe  fides  Ihall  be  parallel 
to  QR,  KS,  ST,  TQ;  and  finilh  your  table  as  in 
the  figure. 

Scholium. 

Drawing  by  this  fort  of  perfpe6live,  is  no  more 
than  drawing  the  ihadows  of  all  the  lines  of  an 
objedb,  which  the  fun,  (or  a  light  at  an  infinite  dif- 
tance),  cafts  upon  a  plane ;  and  then  fhadowing 
the  parts. 

The  point  of  fight  in  this  kind  of  perfpedive  is 
any  where.  For  the  eye  is  fuppofed  to  projed  any 
parts  of  the  objed,  by  lines  perpendicular  to  the 
pidure  \  which  comes  to  the  fame  thing  as  viewing 
them  from  an  infinite  diftance. 

This  fort  of  perfpedive  is  the  bell  for  drawing 
fmall  bodies,  as  things  v/ithin  a  houfe  ;  and  parti- 
cularly all  forts  of  engines  ^  for  Handing  at  a  dif- 
tance, the  fides  that  are  parallel  in  the  objed,  fcarce 
appear  otherwife  than  parallel.  And  upon  account 
of  its  eafinefs,  it  is  an  excellent  method  to  learn  to 
draw  by,  and  very  proper  to  be  pradifed  by  young 
ftudents  that  are  learning  to  draw ;  for  by  this 
they  acquire  a  habit  of  judging  of  the  pofitions  of 
the  feveral  parts  of  an  objed,  and  by  that  means 
readily  learn  to  draw  by  hand.  The  principal  dif- 
ficulty is  to  know  how  much  any  line,  (or  any  other 
parallel  to  it)  is  contraded  in  the  draught,  and  to 
do  this,  either  the  angle  which  the  vifual  ray  makes 
with  that  line  mufl  be  given  •,  or  it  muft  be  found 

by 
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by  experiment ;  and  thefe  being  had,  the  thing  will  Fig. 
be  eafy.  But  it  muft  be  obferved,  that  the  me-  20. 
thod.  here  ufed  of  laying  down  the  plan,  is  not  ac- 
curate, but  only  an  approximation,  and  is  ufed 
only  to  avoid  a  more  tedious  and  troublefome  coji- 
ilru6lion.  And  therefore  it  gives  not  the  angles 
exadlly  true.  But  for  fuch  as  would  be  exaft  in 
finding  the  true  reprefentatioii  of  an  angle,  I  fhall 
jay  down  the  following  problem. 

P  R  O  B.      II. 

^0  find  the  apparent  magnitude  of  an  angle  in  ml* 
iitary  perfpe^ive. 

Let  ABCD  be  the  plane,  BAD  the  given  angle  jjj, 
in  that  plane.  At  the  point  A  ered  the  perpendi- 
cular AP,  to  that  plane  ;  thro'  AP  and  the  eye  (at 
an  infinite  diflance)  draw  the  plane  PAFG,  which 
will  be  perp*  to  the  given  plane  AC.  Let  the 
angle  AGF  be  the  elevation  of  the  eye  above  that 
plane,  and  let  AF  be  perp.  to  FG.  Then  thro* 
AF  and  FG  draw  the  two  planes  AFE,  and  FGBE, 
both  perp.  to  AFG ;  then  fince  the  three  planes 
AFE,  AGB,  FGB,  are  all  perp.  to  the  plane  AFG, 
their  interfedlions  will  be  all  perp.  to  AFG,  and 
confequently  parallel  to  one  another  \  and  therefore 
FE  parallel  to  GB.  Therefore  if  a  ray  paffing  thro' 
F  fall  upon  G,  another  ray  parallel  to  it  falling  on 
B  will  pafs  thro'  E  making  FE  zz  GB.  Therefore 
it  is  evident,  the  angle  BAG  in  the  plane  ABCD, 
is  projeded  into  the  angle  EAF  in  the  perpendicu- 
lar plane  EAF.  And  the  angle  BAG  is  the  decli- 
nation of  the  plane  AFG  (or  of  the  eye)  from  the 
fide  BA.     Therefore  in  the  triangle  AFG,  rad  : 

AG 
j.AGF  :  :  AG  :  AF  -  ^  X  S.AGF,  and  in  the 

D  tri- 
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21.  AG 


Fig,  triangle  AGB,  rad  :  tan.  GAB  :  :  AG  :  GB  :^ 

AG 

— J  X  /.GAB ;  therefore  in  the  triangle  AFE,  rad  : 

AG 
tan.  FAE  :  :  AF  :  FE  or  GB  :  :  -p^  X  S.AGF  : 

AG 

^X  ^GAB  : :  S.AGF  :  tan.  GAB. 

rad 

Cor.  I .  Hence^  as  fine  of  elevation  of  the  eye  AGF 
chove  the  'plane  ABCD  :  radius  :  :  tan,  declination 
BAG  of  the  eye  or  vertical  plane  from  the  fide  BA  : 
tan,  of  the  apparent  angle  FAE,  from  the  fame  ver* 
tic al  plane  AFG. 

Cor.  2.  After  the  fame  manner  that  the  angli 
FAE  is  found  for  the  reprefentation  of  the  angle 
GAB  on  one  fiide  of  the  vertical  plane  AFG ; 
the  reprefentation  of  the  angle  GAD  on  the  other 
fiidey  is  found ;  and  confequently  the  whole  angU 
BAD. 

P  R  O  B.      III. 

Any  figure  or  figures  being  given  in  the  geometrical 
plane^  to  lay  them  down  in  a  proper fituation  for  draw- 
ing them  in  perfpe^ive. 

Let  AB  be  the  ground  line,  CDEF  the  given  fi- 
gure. From  every  point  of  the  figure,  C,  D,  E,  F, 
draw  perpendiculars  to  the  ground  line  CG,  DH, 
Ff,  EK,  and  continue  them  till  Gc  zz  GC,  Hdzz 
HD,  1/  -  IF,  and  K^  =  KE.  Then  draw  cd,  de, 
if  and  fc.  And  the  figure  cdef  is  in  a  proper  fitu- 
ation for  drawing. 

For  if  the  figure  CDEF  was  to  remain  in  its 
proper  place,  the  projedlion  of  it  in  the  picture 
would  interfere  with  the  figure  itfelf,  and  one  of 
them  would  confound  another.  Therefore  the  ori- 
ginal 
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ginal  is  transferred  to  the  other  fide  of  the  ground  Fig. 
line  in  an  inverted  pofition,  as  if  the  whole  figure  22. 
was  turned  upfide  down  over  the  line  AB  into  the 
pofition  cdef.  And  this  is  juil  as  it  would  appear 
by  reflexion  in  a  looking-glafs ;  and  therefore  the 
inverted  figure,  will  by  reflexion  fhow  the  true  fi- 
gure. And  as  the  diflances  of  the  feveral  points 
f ,  d^  e^  f  are  the  fame  as  of  the  points  C,  D,  E,  F, 
and  in  the  fame  perpendiculars  to  the  ground  line  5 
therefore  they  anfwer  exa6lly  the  fame  ends,  whe- 
ther the  true  or  inverted  figure  is  made  ufe  of. 

Scholium. 
Hence  in  what  follows,  all  figures  placed  in  the 
geometrical  plane,  are  fuppofed  to  be  tranfpofed 
to  the  other  fide  of  the  ground  line,  at  the  fame 
diflance,  and  there  drawn  in  an  inverted  pofition. 
But  it  is  not  always  neceffary  that  the  figures  be 
adtually  drawn ;  it  is  fufficient  in  many  cafes,  to 
have  only  the  diflances  of  their  feveral  points  from 
the  ground  line,  and  the  points  where  the  perpen- 
diculars cut  it.  For  by  having  thefe  things,  all  the 
operations  may  be  performed  as  well  as  if  the  fi- 
gures were  drawn. 

P  R  O  B.     IV. 

^0  find  the  vanijhing  line  of  any  plane^  whofe  in- 
terfe^ion  and  inclination  to  the  pi5iure  are  given. 

Let  S  be  the  point  of  fight,  PQ  the  interfedion  23, 
of  the  plane  with  the  pidure.  Draw  RSP  perpen- 
dicular to  PQ,  and  SE  parallel  to  it,  and  equal  to 
the  principal  ray.  Make  the  angle  SER  equal  to 
the  compliment  of  the  angle,  which  the  given  plane 
makes  with  the  pidure,  interfering  RP  in  R  •,  draw 
RV  parallel  to  PQ,  for  the  vanifiiing  line  of  the 
plane. 

D  2  The 
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Fig.      The  vanifhing  line  is  the  interfedlion  of  the  pic- 

23.  ture,  and  a  plane  paffing  thro'  the  eye  parallel  to 

the  given  plane.     Juft  as  the  interfedbion  of  the 

pidure  and  the  horizontal  plane^  is  the  vanifhing 

line  of  the  geometrical  plane. 

For  fuppofe  the  plane  RES  to  be  raifed  up  per- 
pendicular to  the  plane  of  the  pidture.  Then  as  E 
is  the  eye,  and  RV  parallel  to  PQj  a  plane  paffing 
thro'  ERV,  will  then  be  parallel  to  the  plane  pall- 
ing thro' PQ ,  and  inclined  to  the  pidure  in  the 
angle  ERS.  Therefore  RV  is  the  vanifhing  liix^ 
fought. 

P  R  O  B.    V. 

24*  ^0  find  the  accidental  point  of  a  right  line ;  having 
given  its  elevation  on  the  geometrical  plane^  and  tht 
angle  its  hafe  makes  with  the  ground  line, 

I  call  that  its  bafe,  which  is  a  line  drawn  from 
the  point  where  it  interfeds  the  geometrical  plane^ 
to  the  point  where  a  perpendicular  interfeds  the 
geometrical  plane,  which  is  drawn  from  the  top 
of  it.    ' 

Let  S  be  the  point  of  fight,  SP  the  horizontal 
line,  XQ^  the  ground  line.  Then  as  it  is  all  one 
where  the  line  ftands,  if  it  be  but  in  a  parallel  po- 
fition ;  therefore  fuppofe  it  cuts  the  geometrical 
plane  at  X.  Make  the  angle  BXC  the  declination 
of  the  bafe,  or  the  angle  it  makes  with  the  ground 
line,  and  DXF  its  elevation  above  the  plane;  which 
here  is  towards  the  eye.  let  SE,  equal  to  the  prin- 
cipal ray,  be  perp.  to  SP,  and  make  the  angle  SEP 
zz.  BXC  the  declination  ;  thro'  P,  draw  PQ  parallel 
to  the  vertical  line  SX.  Then  make  PG  zz  PE, 
and  the  angle  PGR  zi  DXF  the  depreffion,  her« 
below  the  geometrical  plane ;  and  R  is  the  acci- 
dental point. 

T'or 


Sea.  !I..       P  E  R  S  P  E  C  T  I  V  E.  ^7 

For  imagine  the  plane  ESP  to  be  raifed  up  till  it  Fig. 
'be  perpendicular  to  the  plane  of  the  pidure  SXQP,  24. 
then  the  angle  SEP  being  equal  to  BXC,  the  plane 
pairing  thro'  EPQ  will  be  parallel  to  the  plane  in 
which  the  given  line  is,  whofe  bafe  is  XC  ^  there- 
fore PQ^is  the  vanifhing  line  of  that  plane.  Then 
fmce  PG  or  PE  is  the  diftance  of  the  line  PQ^from 
E  ',  and  the  angle  PGR  being  equal  to  DXF,  there- 
fore ER  mull  be  parallel  to  DX  (fuppofmg  ER  to 
be  right  over  S,  as  was  faid  before) ;  and  there- 
fore R  is  the  accidental  point  of  DX,  or  of  the 
given  line,  which  is  parallel  to  it,  by  Prop.  VIII. 

It  is  eafy  to  know,  from  the  pofition  of  the  given 
line,  whether  the  angle  SEP  is  to  be  taken  to  the 
right  or  to  the  left ;  and  whether  the  angle  PGR 
is  to  be  taken  upwards  or  downwards* 

Cor.  I .  If  the  given  line  have  no  declinationy  its 
accidental  point  is  in  the  vertical  line  SX. 

Cor.  2.  If  the  given  line  he  parallel  to  the  geome- 
trical plane  ,  its  accidental  point  is  in  the  horizontal 
lineSF. 

Cor.  3.  Two  lines  proceeding  from  one  point,  make- 
the  fame  angle^  as  two  lines  drawn,  from  the  e^e  ta 
their  accidental  points  d$, 

P  R  O  B.      VI. 

A  point  in  the  geometrical  plane  being  given ;  t& 
find  its  appearance  in  the  pi^ure^ 

I.  Let  AB  be  the  ground  line,  DD  the  hori^  25. 
zontal  line,  S  the  point  of  fight;  D,  D,  the  points 
of  diftance.  And  let  C  be  the  point  given,  tranf- 
pofed  to  the  other  fide  of  the  ground  line.  Draw 
CF  perpendicular  to  AB;  make  FG  1=  ^C, 
draw  FS,  then  draw  GD  to  the  oppofite  point  of 
D  3  diftance 
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;Fig.  diftance  D,  if  the  original  point  is  beyond  the  pic- 
25.  ture,  to  cut  SF  in  f,  then  c  is  the  image  of  C  in 
the  pidture. 

But  if  the  original  point  be  on  this  fide  the  pic- 
ture, you  muft  draw  a  line  from  G  to  the  point 
of  fight  on  the  fame  fide  ;  and  then  the  interfedion 
with  SF,  gives  the  image  of  C  below  the  ground 
line 

For  the  triangles  Df  S  and  F^G  are  fimilar,  whence 
DS  :  Sf  :  :  FG  :  Fc  But  (by  Prop.  XIV.)  the  i- 
mage  of  C  is  in  the  right  line  SF,  and  fo  placed, 
that  the  principal  ray  :  Sc :  :  diftance  of  the  point : 
Ff.  But  DS  is  equal  to  the  principal  ray  (by  Def. 
XVI),  and  FG  is  equal  to  FC  the  diftance  of  the 
point.     Therefore  c  is  the  image  of  C, 

2.  Otherways  thus. 

Set  off  the  diftance  FC  both  ways  from  F  to  G 
and  A,  and  draw  from  A  and  G,  two  lines  to  the 
oppofite  points  of  diftance  D,  D  •,  and  their  inter- 
fedion  c  is  the  place  of  the  image,  if  C  is  beyond 
the  pidture.  Oth^erwife  draw  lines  to  the  points  of 
diftance  on  the  fame  fide. 

For  fince  AF  1=  FG,  and  DS  zz  SD,  therefore 
DG  and  DA  interfed  SF  in  the  fame  point  r,  and 
confequently  they  interfed  one  another  in  the  very 
fame  point. 

3.  Or  thus. 

When  the  diftance  of  the  eye,  or  the  diftance  of 
the  point,  is  very  great,  or  when  the  point  D  or 
the  point  G,  fails  v/ithout  the  pidure.  Take  any 
aliquot  part  of  SD  from  S,  and  the  fame  part  of 
FC  or  FG  from  F  •,  and  from  thefe  points  draw  a 
line  to  interfed  SF,  which  interfedlion  will  ftill  fall 
vipon  the  fame  point  c,  becaufe  fimilar  parts  are 
proportional  to  the  wholes. 

4,  Other* 
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pig- 
4.  Otherwife, 

Let  SD  be  the  horizontal  line,  AB  the  ground  26. 
fine,  S  the  point  of  fight,  C  the  given  point  tranf- 
pofed.  Draw  SE  perpendicular  to  SD,  and  equal 
to  the  principal  ray ;  and  draw  FC  perp.  to  AB. 
Draw  SF,  and  EC  to  interfed  it  in  r,  the  image 
fought.  If  the  given  point  be  on  this  fide  the  pic- 
ture, FC  mull  be  taken  upwards. 

For  the  triangle  ESc,  and  Q¥c  are  fimilar^ 
whence  SE  :  S^  :  :  CF  :  ¥c.  Therefore  (Prop.. 
XFv^.)  c,  in  the  line  SF  is  the  image  of  C.  Hencei- 
*lfo,  SE:E(r::  CF :  Cf. 

5.  Otherwife  thus. 

Let  SD  be  the  horizontal  line,  S  the  point  of  27<. 
fight,  AB  the  ground  line,  C  the  given  point  tranf- 
pofed.  Draw  SE  perpendicular  to  SD,  and  equal 
to  the  principal  ray.  Draw  the  line  EC,  then 
draw  any  line  CB  and  EL  parallel  to  it,  draw  LB 
to  interfedt  EC  in  r,  the  image  of  C. 

If  the  given  point  be  on  this  fide  the  picture,, 
draw  FC  upwards. 

For  draw  CF  perpendicular  to  AB.  Then  by  the 
fimilar  triangles  ESL,  CFB,  and  EfL,  CB^ ;  w^. 
have,  ES  :  CF  :  :  EL  :  CB  : :  Fc  :  Qc  :  which  come,* 
to  the  fame  thing  as  the  4th  method, 

6.  Or  thus. 

From  the  point  C  tranfpofed,  draw  two  lines  CB, 
CG,  to  the  ground  line  AB  •,  and  two  lines  EL> 
ED  parallel  to  them,  from  the  eye  at  E,  to  the 
horizontal  line  LD.  Draw  LB,  DG  to  interfed:  m 
r,  which  will  be  the  image  of  C. 

For  by  the  fimilar  triangles,  the  lines  LB,  EC 
interfed:  one  another  in  the  fame  point,  in  whicK 
DG,  EC  interfed.  And  therefore  LB,  DU  in- 
terfed  in  the  fame  point. 

P  4  7*  Qther- 
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Fig. 

7.  Otheripife, 

s8,  Let  SD  be  the  horizontal  line,  S  the  point  of 
fight,  AB  the  ground  line,  C  the  given  point  tranf- 
pofed,  CF  its  perpendicular.  Draw  froni  any 
point  D,  two  lines  DB,  DG,  making  any  angle  ;^ 
make  DG  zi  principal  ray,  and  EG  zz  CF  ;  draw 
GB,  and  EK  parallel  to  it,  and  KC  parallel  to  AB, 
cutting  SF  in  r,  the  reprefentation  of  C. 

For  by  the  parallels,  DE  :  EG  :  :  DK  :  KB  :  ; 
S^  :  ^Fj  according  to  Prop.  XIV.  therefore  c  is  the 
image  of  C. 

Cor.  I.  From  hence  the  accidental  point  of  any  right 
line  may  he  found  as  follows. 
29,  Let  DE  be  the  horizontal  line,  S  the  point  of 
fight,  AB  the  ground  line ;  then  fince  the  pofition 
of  the  line  is  given,  its  interfe6tion  with  the  geo- 
metrical plane,  and  alfo  with  the  pidlyre,  is  given. 
Let  P  be  the  point  in  the  geometrical  plane  tranf- 
pofed,  and  I  that  in  the  pidlure.  Find  the  appear- 
ance  of  P  in  the  pi6lure  as  at  p.  And  thro'  I,  py 
draw  EI/>F.  Make  as  the  diilance  of  the  foot  of  the 

'  line  from  the  picture,  PC  :  to  the  principal  ray 
DS  : :  So  is  p\  :  to  plL  \  and  K  is  the  accidental 

«  point  of  the  given  line. 
io*  For  let  PI  be  the  given  line,  and  let  p  be  the 
appearance  of  P,  in  the  pidure  ;  thro'  p  and  I,  and 
the  eye  ?x  D,  draw  the  plane  DIP/>,  in  this  plane 
draw  DK  parallel  to  PI,  then  it  is  evident  (Def.. 
XVII.)  K  is  the  accidental  point  of  PI.  But  the 
triangles  Vpl  and  D/>K  are  fimilar,  whence  pK.  : 
fl  ::Dp:  p^.  Let  the  plane  DIPK  revolve  about 
the  line  DP,  till  it  coincide  with  DS,  then  the 
plane  DSCP  is  perp.  to  the  pidure,  and  PC  perp, 
to  the  ground  line ;  and  the  triangles  DpS  and  P^C 
are  fimilar,  whence  Dp  :  p?  T:  DS  :  PC  Therefore 
^K:|^I::DS:PC. 
-  Cor, 
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Cor.  2.  Let  Ip  interfe5i  the  horizontal  line  in  E,  Fig. 
and  the  ground  line  in  F.  Then  if  pF  :  pE  :  :  pi  :  30^ 
pX,  Y^  will  he  the  accidental 'point  of  Y\, 

For  the  triangles  S;>E,  CpF  are  fimilar,  there- 
fore DS  :  PC  :  :  S/>  :  ;)C  :  :  E;>  :  />F,  and  (Cor,  i.) 
PS  ;  PC  : :  ^K  \f\  j  whence  ^E  \p^  \\fL\  pi. 

Scholium. 
To  avoid  confufion  with  many  lines,  if  twa 
threads  be  fixt  at  the  points  of  fight  and  diftance, 
and  be  extended  to  the  divifions  of  the  ground 
line,  their  interfedtion  will  give  the  points  in  the 
pidure.  It  may  be  fufficient  only  to  apply  the 
threads. 

P  R  O  B.      VII. 

Any  right  line  in  the  geometrical  plane  being  given  ^ 
to  find  its  appearance  in  the  pi5lure. 

Find  the  image  of  one  end  of  the  given  line  (by 
the  laft  Prob.)  and  in  like  manner  find  the  image 
ot  the  other  end  'of  it.  Then  a  right  line  drawn 
from  one  of  thefe  images  or  points  to  the  other, 
will  be  the  image  of  the  given  line, 

E^.  I. 
Let  FG  be  the  given  line  tranfpofed ;  find  the  jj^ 
image  of  F  at  /,  and  the  image  of  G  at  ^  5  then 
draw^,  which  is  the  reprefentation  of  FG. 

Ex.  2. 

*,  Let  the  given  line  FG  be  parallel  to  the  ground  32.^ 
line   PQ,    draw  FP,    GQ^  perpendicular  to  the 
ground  line.     Then  find  the  image  of  F  at  /,  and 
of  G  at  g.     And  draw  the  line  fg  for  the  image  of 
FG. 

Or  fhorter  thus^  draw  SP  and  SQ,  and  having 
found  the  point  /  as  before,  draw  fg  parallel  to  PQ, 

to 
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Fig*  to  cut  SQ^  in  g.     Then  draw  fg  for  the  image  of 
£2.  FG.     For   (by  Prop.  III.)  the  imaore  fg  will  be 

parallel  to  FG  or  to  PQ^    And  (by'Prop.  XIV.) 

it  will  be  terminated  in  the  line  SQ. 

P  R  O  B.     VIII. 

A  right  lined  figure  in  the  geometrical  plane  being 
given  ;  to  find  its  reprefentation  in  the  pSiure. 

Find  the  appearances  of  all  the  angular  points 
thereof  in  the  pidture  (hy  Prob.  VI.)  and  draw 
lines  from  one  to  another,  as  in  the  original. 

Or  find  the  appearances  of  all  the  lines  that  com- 
pofe  it,  one  after  another  (by  Prob.  VII J  and  that 
will  give  the  image  of  the  whole  figure. 

And  here  all  lines,  perpendicular  to  the  ground 
line,  muft  have  their  images  drawn  to  the  point  of 
fight ;  and  all  lines  parallel  to  the  pi6lure,  will 
have  their  reprefentations  parallel.  By  this  means 
feveral  Ihort  methods  of  working,  efpecially  in  re- 
gular figures,  will  appear  of  themfelves. 

£^.  I. 
JO,  Let  NOPR  be  a  fquare,  whofe  fide  NR  is  pa- 
rallel to  the  ground  line  AB.  DE  the  horizontal 
<  line,  S  the  point  of  fight.  Make  CF  z=  CN,  and 
CA  ~  CO.  OC  and  PI  being  perp.  to  AB.  From 
S  draw  SC,  SI,  and  FE  to  interfedt  it  in  n  and  j)  •, 
draw  «r,  op  parallel  to  AB,  and  nopr  is  the  image 
or  reprefentation  of  the  fquare  NOPR. 

For  fince  CN  zz  CF,  n  is  the  image  of  N ;  and 
CA  being  iz  CO  =  IP  zi  IF,  therefore  p  is  the 
image  of  P,  and  therefore  nopr  is  the  image  of 
NOPR. 

Ex,  2. 
34.       Let  LMNOP  be  a  regular  pentagon,  DE  the 
horizontal  line,  S  the  point  of  fight,  AB  the  ground 

line. 
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line.     From  the  feveral  angles  L,  P,  O,  N,  M,  Fig. 
let  fall  perpendiculars  upon  the  ground  line,  L/,  34. 
Pp",  Mh,  Oi,  and  N^.     To  the  point  of  fight  S 
draw  the  lines /S,  ^S,  hS,  iS,  kS,     Make/i  zz/L, 
and  draw  iD,  to  the  point  of  fight  D,  cutting /S 
in  /,  the  image  of  L.     Make  g2  —  ^P,  and  draw 
2D  cutting  ^S  in  p,  for  the  image  of  P.     Make 
hB  n:  hM,  and  draw  BD,  cutting  bS  in  m^  for  the 
image  of  M.     Make  ^3  iz  ^N,  and  draw  3E,  cut- 
ting ^S  in  n,  the  image  of  N.     Make  f4  =1  /O, 
and  draw  4E,    cutting  iS  in  o,    the  image  of  O, 
Then  draw  the  lines  op,  ph  l^^  mn^   ^^^    which 
makes  the  image  of  the  pentagon,  required, 

&.  3. 

Suppofe  the  two  fquares  O,  P,  feen  corner  wife,  35. 
are  to  be  drawn,  joining  upon  the  ground  line  AB. 
S  is  the  point  of  fight,  D  one  point  of  diftance. 
From  all  the  angles  of  the  fquares  let  fall  perpen- 
diculars upon  the  ground  line  ABj  from  the  points 
of  interfedtion  draw  lines  to  the  point  of  fight  S. 
Make  A/  zz  //,  and  from  the  points  A,  /,  /  draw 
lines  to  the  point  of  diftance  D,  to  Interfecfl  the. 
former ;  the  firft  in  ^  k  ;  the  fecond  in  /,  m^  the 
third  in  n.  Then  iklt^  and  Imnt  are  the  images  of 
O  and  P. 

Shorter  thus.  Since  the  fides  of  the  fquares  make 
half  a  right  angle  with  the  ground  line  ;  their  re- 
prefentations  will  tend  to  the  points  of  diftance,  on 
each  fide.  Therefore  from  the  angular  points  /-,  /, 
draw  lines  to  the  point  of  fight  D,  and  alfo  to  the 
point  of  fight  on  the  other  fide ;  thefe  lines  by 
their  interfedions  will  give  the  angles  of  the  fquares 

at  u  h  h  ^5  ^• 

Or  thus.  Draw  ^S,  rS,  /S,  and  draw  /D  to  in- 
terfed  thefe  in  /,  m.  Thro'  /,  ;;/,  draw  parallels, 
»//,  mk.,  to  the  ground  line  AB  ;  and  making  //  =; 
In  \  this  gives  the  angles  /,  k^  /,  m^  n* 

The 
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Fig.      The  reafon  of  thefe  operations,  is  evident ;  for 
35.  tMzz  //,  and  /K  =z  /A,  and  rL  zz  rt,  &c.     Alfo 
fince  the  lines  ILN,  and  KM,  are  parallel  to  AB  \ 
iln^  and  km  will  alfo  be  parallel  to  AB. 

Ex*  4» 

51?  draw  a  floor  of  fquares  feen  fore  right. 

^6.  This  may  be  done  either  with  or  without  a  geo" 
metrical  plan.  Let  ABGH  be  part  of  the  plan, 
where  the  ground  line  AB  is  divided  into  the  equal 
parts  A/,  fg,  gb,  &c.  equal  to  the  fides  of  the  fmall 
Iquares.  To  the  point  of  fight  S,  draw  AS,  /S, 
^S,  /^S,  &c.  to  BS.  Then  from  A  draw  to  the  op- 
poiite  point  of  diftance,.  the  line  AE,  which  will 
cut  the  lines  /S,  ^S,  ^S,  ^c,  in  feveral  points,  i, 
2,  3,  thro'  which,  as  many  parallels  muft  be  drawn 
to  the  ground  line  AB  ;  the  laft  whereof  is  CF  ; 
in  which  all  the  divifions  are  equal  between  C  and 
F,  and  the  fame  equal  divifions  may  be  continued 
from  C  to  K,  and  from  F  to  I.  And  from  thefe 
points  of  divifion  other  lines  may  be  drawn  from 
S,  which  upon  the  line  AE  (going  thro'  the  point 
of  diftance  E)  give  other  points,  thro'  which  more 
parallels  to  the  ground  line  are  to  pafs,  and  thus 
Che  whole  fpace  ABIK  may  be  filled  with  fquares. 
And  if  more  be  defired,  draw  from  the  point  K  to 
the  oppofite  point  of  diftance  E,  the  line  KE,  which 
will  cut  all  the  lines  drawn  from  S,  in  as  many 
points,  thro'  which  new  parallels  muft  be  drawn  to 
the  ground  line  AB,  which  laft  is  LN,  pafTing 
thro'  the  point  L,  at  the  interfedion  of  SB,  KE. 

For  fince /A  =//,  the  point  i  reprefents  /,  and 
^A  being  equal  to  ^K,  2  reprefents  k  ;  and  as  JhA 
—  hly  3  reprefents  /,  and  fo  on.  And  the  fides  of 
the  fquares  being  parallel  to  AB,  their  reprefenta- 
tions  in  the  pidure,  paffing  thro'  i,  2,  3,  &c.  will 
be  parallel  to  AB,  by  Cor.  i.  Prop.  Ill, 
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If  a  line  be  drawn  from/ or  ^  or  h^  &c.  to  E-,Fig. 
that  line  will  pafs  thro'  all  the  angles  of  the  fquares,  '^^* 
as  well  as  the  line  AE,  which  palTes  thro'  the  angles 
I,  2,  3,  &c.  For  fuch  a  line  cuts  the  lines  drawn 
from  S  to  the  feveral  divifions  of  AB,  in  the  angu- 
lar points.  As  AE  pafTes  thro'  all  the  angular 
points  j  therefore  lE  or  2E  or  3E  (which  are  parts 
of  the  fame  line)  alfo  pafTes  thro'  all  the  angular 
points.  Therefore  a  line  palTing  thro*  any  divifioni 
in  the  firft  parallel,  or  thro'  any  divifion  in  the  fe- 
cond,  or  in  the  third,  &:c.  will  alfo  pafs  thro'  all 
the  angular  points.  And  therefore  a  line  drawrt 
thro'  F  and  E,  or  thro'  C  and  E,  or  thro'  K  and 
E,  will  alfo  pafs  thro'  all  the  angular  points  of  the 
fquares. 

Ey:,  5. 

*To  draw  a  floor  of  fquares  feen  comerwife. 

This  alfo  may  be  done  either  with  or  without  a  37^ 
geometrical  plane.  Let  ABGH  be  a  part  of  a 
fquare  feen  fore  right,  which  contains  the  little 
fquares.  Here  AB  is  divided  into  equal  parts  by 
the  diagonals  of  the  fmall  fquares.  Let  AB  be  the 
ground  line.  DE  the  horizontal  line,  D  and  E  the 
points  of  diftance,  S  the  point  of  fight.  Draw 
AS  and  BS  to  the  point  of  fight,  and  from  all  the 
points  of  divifion  in  AB,  draw  lines  to  D  and  E 
the  two  points  of  diftance,  of  which  the  extreme 
rays  AE,  BD,  will  cut  the  former  in  C  and  F ; 
draw  CF.  Then  ABFC  is  the  image  of  a  fquare 
which  contains  all  the  little  fquares  ;  and  the  other 
lines  dravm  to  D  and  E,  will  by  their  interfedions 
form  the  im^ages  of  the  finall  fquares,  feen  angle 
wife.  And  to  fill  up  the  whole,  divide  CF  into  the 
fame  number  of  equal  parts  as  AB  is  divided  into  -, 
and  draw  lines  from  D  and  £  thro'  all  the  points 
of  divifion,  which  will  form  the  remaining  fquares. 

For 
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Fig.  For  fince  the  fides  of  the  fmall  fquares,  lying 
27.  on  the  geometrical  plane  make  half  a  right  angle 
with  the  ground  line.,  their  appearances  in  the  pic- 
ture will  tend  to  the  points  of  diftance,  as  their 
accidental  points,  by  Cor  3.  Prop.  IV.  And  fince 
AB  is  divided  into  equal  parts  by  lines  drawn  from 
D  or  E  -,  therefore  all  lines  parallel  to  AB,  and 
pafTing  thro'  the  angular  points,  of  the  fquares, 
will  be  divided  into  equal  parts  by  the  fame  lines ; 
and  therefore  EF  is  divided  equally,  by  the  lines 
drawn  from  D  and  E  j  to  the  equal  diviiions  ijni 
AB  continued. 

Ex.  6, 

T'o  reprefent  u  floor  of  equilateral  triangles, 

J  8.  Let  AB  be  the  ground  line,  DE  the  horizontal  line, 
S  the  point  of  fight ;  D,  E,  the  points  of  diltance. 
Upon  the  horizontal  line  DE,  make  an  equilateral  tri- 
angle PIQ ;  fo  that  SP  and  SQjTiay  each  of  them  be 
half  the  fide  of  the  triangle.  To  the  point  of  fight 
S,  draw  AS,  BS.  And  from  A  and  B  draw  to  the 
points  of  diftance  E  and  D,  the  lines  AE  and  BD, 
interfering  the  former  in  C  and  F.  Then  ACFB 
is  a  fquare  in  which  the  equilateral  triangles  are  to 
be  reprefented.  Let  ABGH  be  part  of  the  fquare 
upon  the  geometrical  plane.  AB  being  divided, 
into  equal  parts,  each  equal  to  the  fides  of  the  tri- 
angles ;  from  all  the  points  of  divifion,  draw  lines 
to  the  point  P,  and  from  the  fame  points  of  divi- 
fion^  draw  lines  to  the  point  Q,  and  thro'  the  points 
of  meeting  draw  lines  parallel  to  AB.  All  thefe' 
lines  by  their  interfeclions  with  the  former,  will 
make  the  reprefentations  of  the  triangles  in  the  pic- 
ture, as  required.  And  to  fill  up  the  fquare,  di- 
vide CF  into  the  fame  number  of  equal  parts,  as 
AB  is  divided  into  -,  then  drawing  lines  from  P  and 
from  Q^thro'  all  the  points  of  divifion  \  the  fquare 
ABFC  will  be  £lled  up  with  equilateral  triangles. 

For, 
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For  the  figures  in  the  geometrical  fquare  ABGH,  Fig* 
are  terminated  by  continued  right  lines  which  in-  38, 
terfedt  the  ground  line  in  an  angle  of  60  degrees. 
And  IP  and  IQ^  alfo  making  an  angle  of  60  de- 
grees with  the  horizontal  line  DE ;  therefore  P  and 
Q^will  be  the  accidental  points  of  the  lines  AH, 
BG,  and  all  others  parallel  to  them  -,  confequently 
(by  Prop.  IV.)  the  appearances  of  all  thefe  lines 
tend  to  the  points  P  and  Q^  And  fuch  lines  as 
GH  in  the  geometrical  plane,  being  parallel  to  the 
ground  line  AB,  their  reprefentations  in  the  pic- 
ture as  CF  wiU  be  parallel  to  AB  (by  Cor.  i.  Prop. 
III).  Alfo  (by  Cor.  2.  Prop.  V.)  the  divifions  of 
CF  will  be  equal;  and  therefore  lines  drav/n  from 
P  and  Q,  thro'  thefe  equal  divifions,  will  termi- 
nate the  remaining  triangles,  and  fill  up  the  fquare 
ABFC.  And  if  CF  was  continued  and  divided 
into  the  fame  equal  parts,  and  lines  drawn  from 
P  and  Q^thro'  the  feveral  divifions,  thefe  lines 
would  form  more  triangles,  and  fo  as  much  fpace 
as  you  pleafe  may  be  filled  with  thefe  triangles. 

■Ex.  7. 

^0  reprefent  inperfpe^fhe  a  floor  of  regular  hemgons,- 

Divide  the  ground  line  AB  into  as  many  equal  ^9' 
parts  as  you  will,  and  defcribe  a  floor  of  equilateral 
triangles,  as  in  the  laft  example,  all  in  obicure  lines. 
Then  join  every  6  triangles  together,  meeting  in 
the  center  with  all  the  angular  points,  and  draw 
lines  round  them,  which  will  form  a  hexagon. 
ABGH  is  part  of  the  floor  drawn  upon  the  geome- 
trical plane.  ABCF  is  the  perfpedive  fquare, 
formed  by  drawing  AS,  BS  to  the  point  of  fight 
S ;  and  then  drawing  AE  and  BD,  to  the  points 
of  diitance  D  and  E,  to  cut  AS,  BS  in  C  and  F. 
All  the  fides  of  the  hexagons  tend  either  to  the 
point  P  or  Qj  or  elfe  are  parallel  to  the  ground  line 
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Fig*  AB  i,  for  each  of  them  is  the  fide  of  fome  equilate- 
39*  ral   triangle,  all  which  is  evident  by  the  figure^ 
When  the  hexagons  are  all  finifhed  in  the  pidure, 
the  fuperfluous  lines  may  be  rubbed  out. 

p  R  o  B.    ix:. 

'To  draw  any  given  curve  line  in  perfpe5iive^  which 
is  Jituated  in  the  geometrical  plane. 

Find  the  images  of  a  fufficient  number  of  points 
thereof,  (by  Prob.  VI.)  and  then  join  them  neatly 
by  hand  j  that  is,  by  drawing  a  curve  line  regular- 
ly thro'  them,  making  no  angles ;  and  the  more 
points  are  alTumed,  the  more  exad  the  work  will  be. 

Ex,  I. 

40*-  Let  CGK  be  any  curve,  DE  the  horizontal  linej 
S  the  point  of  fight,  D,  E  the  points  of  diftance, 
AB  the  ground  line.  Take  the  points  C,  F,  Gj 
H,  I,  Z,  K  of  the  curve,  and  let  fall  the  perpen- 
diculars CL,  FM,  ON,  HO,  KIP,  ZQ.  Make 
Li  zi  LC,  and  draw  iD  and  LS  to  interfeft  in  c 
the  image  of  C.  Make  MP  zt  MF,  and  draw 
PD  and  MS  to  interfed  in  /,  the  image  of  F* 
Make  NP  zz  NG,  and  draw  NS  and  PD  to  inter- 
fed  in  ^,  the  image  of  G.  In  like  manner  make 
OP  ZI  OH,  PB  z=  PK,  PQ^z:  PI,  and  QB  zz 
QZ.  And  draw  PD,  OS  interfering  in  hi,  and 
draw  BD,  QD  interfering  PS  in  k  and  /,  and  laft- 
iy  draw  QS  interfering  BD  in  z.  Then  cfghizk 
is  the  reprefentation  of  the  given  curve. 

Ex,  2. 

41,  Let  FNO  be  a  circle,  AB  the  ground  line,  DC 
the  horizontal  line,  S  the  point  of  fight.  Draw  SE 
perpendicular  to  DC,  and  equal  to  the  principal 
ray.     Draw  any  number  of  parallels  as  FNG  thro' 

the 
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the  circle  to  cut  the  ground  line,  as  at  G,  and  from  Fig. 
E  draw  EC  parallel  thereto^  cutting  the  horizontal  41* 
line  in  C.  Then  to  find  the  image  of  any  point 
F,  draw  EF,  and  CG  interfering  one  another  in 
/,  which  is  the  image  of  F.  In  like  manner  EN 
being  drawn  will  interfed  CG  in  ;/,  the  image  of 
N.  And  thus  EO  will  interfed:  CI  in  O,  which  is 
the  image  of  O.     And  fo  of  the  reft. 

For  fince  EC  is  parallel  to  FG,  C  is  the  acci-- 
dental  point  of  FG,  and  all  its  parallels.  There- 
fore (Prop.  IV.)  the  images  of  all  thefe  parallels 
tend  to  C;  therefore  (by  Prob.  VI.  Method  5); 
the  image  of  F  will  be  found  at  /,  at  the  interfec^ 
tion  of  EF  and  CG.  And  the  like  for  the  reft  of 
tlie  points. 

Otherwife  for  a  Circle. 

Let  DS  be  the  horizontal  line,  S  the  point  of  4^* 
fight,  D  one  point  of  diftance,  AB  the  ground  line. 
FKH  a  circle,  C  the  center.  Draw  the  diameter 
FH  perpendicular  to  AB,  and  as  many  lines  as  you 
will  parallel  to  FH,  as  GL,  &c.  Then  find  the 
image  of  the  diameter  FH,  which  is  fh ;  and  of 
all  the  points  G,  L,  K,  8z:c.  as  ^,  /,  ky  as  ufual ; 
and  thro'  /,  k^  g^  &c.  draw  lines  parallel  to  AB, 
and  continued  to  i,  2,  3,  fo  that  the  diameter  hf^ 
may  bifledb  the  lines  /i,  ^2,  ^3,  &c.  Then  will 
I,  2,  3,  &c.  be  in  the  curve,  which  muft  be  drawn 
by  hand  thro'  all  thefe  points* 

Scholium. 
The  appearance  of  a  circle  v/ill  fometimes  be  a 
circle,  when  it  is  feen  foreright ;  and  to  find  when 
this  will  happen,  make  the  height  ot  the  eye  a 
mean  proportional,  betv/een  the  two  parts  of  the 
line  of  ftation,  taken  upoti  the  geometrical  plane 
from  the  eye's  perpendicular,  to  the  neareft  and 
furtheft  points  of  the  original  circle.  For  let  AB 
be  the  geometrical  plane,  LB  the  diameter  of  the 
E  circle 
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Fig.  circle  feen  foreright,  E  the  eye,  feA  the  eye's  per- 

43.  pendicular,  ES  the  principal  ray,  SH  the  pidlure, 
and  FG  the  image  of  the  circle  LB ;  and  that  this 
may  be  a  circle,  the  cone  ELB  muft  be  cut  in  fub- 
contrary  pofition,  by  the  planes  AB  and  SH  ;  that 
is,  the  angle  ABE  muft  be  equal  to  the  angle  EGF. 
Draw  CL  parallel  to  SH.  Then  the  triangles  ABE 
and  AEL  are  fimilar ;  for  the  angle  ABE  r:  EOF 
rz  AEL,  and  the  angle  at  A  is  common ;  there* 
fore  AB  :  AE  : :  AE  :  AL,  and  AE  is  a  mean  pro- 
portional between  AB  and  AL. 

P  R  O  B.    X. 

^0  draw  any  figure  in  perfpe^Uve^  by  help  of  a  floor 
of  fquares  j  called  the  Method  of  Reticulation, 

44.  Let  AB  be  the  ground  line,  DE  the  horizontal 
line,  D  and  E  the  points  of  diftance,  S  the  point 
of  fight.    Make  the  fquare  ABGH  upon  the  ground 
line  AB,  in  the  geometrical  plane,  and  divide  the 
fide  AB  into  as  many  equal  parts  as  you  pleafe, 
and  fet  off  the  fame  on  BG  •,  thro'  thefe  divifions 
draw  lines  parallel  to  the  fides  of  the  great  fquare, 
which  will    divide  it  into  little  fquares  or  cells. 
Then  defcribe  the  given  figure  or  figures  in  their 
true  pofition,  in  the  great  fquare  ABGH.     This 
done,  draw  the  fquare  ABGH  in  perfpedlive,  with 
all  the  fmall  fquares  within  it,  by  Ex.  4.  Frob.  VIII. 
Then  defcribe  each  part  of  the  objedl  in  fuch  a 
fquare  or  cell  of  the  pidure,  as  you  fee  it  defcribed 
in  the  correfpondent  fmall  fquare  in  the  geometrical 
plane  ;  and  draw  the  lines  in  a  like  fituation  in  one 
as  you  find  them  in  the  other.    And  thus  by  going 
thro'  all  the  parts  fucceffively,  the  whole  objed  or 
objeds  will  be  defcribed.     This  method  by  net- 
work is  very  ufeful,  for  putting  any  irregular  plane 
figures  in  perfpedlive,  confifting  of  many  parts ; 

which 
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which  would  require  a  deal  of  time,  and  the  draw- Fig. 
ing  of  a  great  many  lineSj  the  common  way.  44. 

Examp, 
Let  IKLMN  be  a  piece  of  fortification.  The  part 
i  is  fituated  between  the  fecond  and  third  fquare 
from  Bj  in  the  firft  crofs  row,  therefore  its  image  i 
muft  be  fituated  between  the  fecond  and  third 
fquare  of  the  pidure  in  the  iirft  crofs  row.  The 
part  K  lies  on  the  fide  of  the  third  fquare  from  AB, 
and  of  the  fecond  from  AH  ;  and  k  its  image  like- 
Wife  lies  on  the  fide  of  the  third  fquare  from  AB, 
land  of  the  fecond  from  AC.  L  lies  in  the  third 
cell  from  AH,  and  fecond  from  HG.  And  its 
correfpondent  /  lies  in  the  third  cell  from  AC,  and 
the  fecond  from  CF.  M  runs  into  the  corner  fquare 
at  G  ;  and  m  runs  into  the  corner  Iquare  at  F,  N 
joins  upon  the  fide  BG,  in  the  third  fquare  from  B ; 
and  n  joins  upon  the  fide  BF,  in  the  third  fquare 
from  B.  And  the  like  for  all  other  parts  of  it,  as 
the  center,  &c. 

P  R  O  B.     XL 

^0  find  the  image  of  a  right  line  perpendicular  to 
the  geometrical  plane ^  at  a  given  point. 

I.  Let  AB  be  the  ground  line,  DE  the  horizorl-  4^$ 
tal  line,  S  the  point  of  fight,  D  and  E  the  points 
of  diftance.  And  let  P  be  the  image  of  the  given 
point.  Thro'  the  point  P,  draw  any  line  KI,  cut- 
ting the  horizontal  line  in  K,  and  the  ground  line 
in  I ;  make  IH  r:  the  length  of  the  perpendicular 
given,  and  draw  HK.  Draw  PCL  parallel  to  the 
ground  line  AB,  cutting  KH  in  Q^;  draw  PG  per- 
pendicular to  AB  and  equal  to  PQ^;  then  ^(j  is  the 
reprefentation  of  the  given  perpendicular. 

For  (by  Cor.  2.  Prop.  III.)  the  image  GP  will 

be  perpendicular  to  AB.     Thro'  P  draw  ML  per- 

E  %  pendicular 


52  PERSPECTIVE. 

Fig.  pendicular  to  AB,  then  by  Prop.  XV.  as  length  of 
45.  the  perpendicular  HI  :  to  length  of  its  image  :  : 
height  of  the  eye  ML  :  diftance  MP  :  :  (fimilar  tri- 
angles) KI  :  KP  :  :  HI  2  QP  •,    therefore  QP,   or 
its  equal  PG,  is  the  image  of  that  perpendicular. 

2.  Or  thus. 

Let  RV  be  the  diftance  of  the  perpendicular  from 
the  pidlure,  make  VO  zz  VR,  and  VN  —  given 
length  of  the  perpendicular  •,  and  draw  VS,  NS  to 
tht  point  of  fight,  alfo  draw  ND  to  the  oppofite 
point  of  diftance,  to  cut  SV  in  i  ^  and  drawing  12 
parallel  to  AB  cutting  NS  in  2,  then  12  fet  from 
P  in  the  perpendicular  PM  to  G ;  gives  PG^  for 
the  image  of  the  given  perpendicular. 

For  it  is  evident  by  the  procefs,  that  i  is  the 
image  of  R,  or  of  the  foot  of  the  perpendicular 
in  the  geometrical  plane.  And  therefore  i  and  P 
are  equidiftant  from  AB.  And  fince  VN  =:  HI, 
therefore  1 2  zz  QP  zz  PG. 

3.  Or  thus. 

Draw  EB  perpendicular  to  AB,  from  any  point 
E  \  in  which  fet  off  BT  equal  to  the  given  length 
of  the  perpendicular.  And  from  any  point  C  in 
the  horizontal  line  DE,  draw  CB,  CT.  Prom  P 
the  image  of  the  foot  of  the  perpendicular,  draw 
PX  parallel  to  AB,  and  XZ  parallel  to  BT  ;  and 
laftly  ZG  parallel  to  AB;  and  PG,  in  the  perpen- 
dicular PM,  is  the  image  of  the  given  perpendl- 

"For  HI  :  QP  : :  KI  :  KP  :  :  CB  :  CX  :  :  BT  or 

HI  :  XZ.     Therefore  XZ  zz  EP  as  required. 

Cor.  Hence  the  image  of  a  right  line  ftanding  oh- 
liquely  upon  the  geometrical  plain  may  he  found ;  hy 
letting  fall  a  perpendicular  from  the  top  ^  and  finding 

its 
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its  appearance^  and  alfo  the  appearance  of  the  foot  of  Fig, 
the  line  itfelf,  45. 

P  R  O  B.     XII. 

To  make  a  fcale  to  fet  off  the  reprefentations  of  all 
equal  altitudes. 

Let  AB  be  the  ground  line,  DE  the  horizontal  46. 
line.  Draw  BE  perpendicular  to  AB,  and  fet  off 
BT  equal  to  the  original  height  on  the  geometrical 
plane  j  and  from  any  point  V,  in  the  horizontal 
line,  draw  VB,  VT.  And  from  any  point  F  re- 
quired, draw  FG  parallel  to  BT,  and  FG  is  the 
apparent  altitude.  And  thus  all  lines  parallel  to  BT 
as  FG,  fg^  &c.  will  reprefent  equal  altitudes  at 
the  points  F^  /,  &c. 

Or  if  the  altitude  be  greater  than  the  height  of 
the  eye ;  in  the  perpendicular  AD,  fet  off  AH 
equal  to  that  altitude  ;  and  draw  lines  from  A  and 
H  to  any  point  V  in  the  horizontal  line  DE,  as 
AV,  HV.  Then  any  line  FG  drawn  parallel  to 
AH,  and  comprehended  between  the  lines  AV, 
HV,  will  reprefent  the  altitude  AH  at  the  point  F 
of  the  pidure. 

And  if  the  perpendicular  object  be  on  this  fide 
of  the  pidture,  produce  the  lines  VA,  VH ;  and 
at  any  point /draw  fg  parallel  to  AH,  and^  will 
be  the  reprefentation  of  AH  at  the  point  /. 

The  truth  of  this  appears  by  the  3d  method  in. 
the  laft  Prob.    This  is  called  a  Flying  fcale. 

Scholium. 

It  may  be  proper  fometimes  in  finding  an  alti- 
tude, to  do  it  in  a  feparate  paper,  and  afterwards 
to  put  it  into  its  proper  place  in  the  draught.  And 
this  is  done  where  there  is  a  multitude  of  linesj^ 
which  will  be  apt  to  confound  one  another. 

E  3  PROB. 
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Pi& 

P  R  O  B,    XIII. 

2^(?  draw  a  folid  hdy  in  Perfpe^ive, 

From  all  the  angles  of  the  body,  let  fall  per^ 
pendiculars  upon  the  geometrical  plane,  and  find 
the  appearance  in  the  pidure  of  all  the  points 
where  the  perpendiculars  fall  (by  Prob.  VI) ;  upon 
all  thefe  points  raife  perpendiculars  (by  Prob.  XI, 
or  XII.  j  of  due  lengths,  as  taken  from  the  folid  \ 
the  tops  of  thefe  being  joined  with  right  lines,  a§ 
they  appear  in  the  body,  will  give  the  perfpedive 
draught  thereof  But  fuch  lines  muft  be  left  out 
as  are  hid  from  the  eye  behind  the  body.  And 
this  being  properly  fhadowed,  makes  the  draught 
complete,  and  thofe  planes  muft  be  {haded  thq 
deepeft  that  are  moft  oblique  to  the  eye. 

If  there  be  any  curve  lines  in  the  body,  perpen-? 
diculars  muft  be  let  fall  from  feveral  of  their  points, 
on  the  geometrical  plane,  and  the  points  of  inter-^ 
fedion  put  in  perfpedive,  and  perpendiculars  erec^ 
ted  of  a  due  length  5  then  all  the  reft  is  tP  be  done 
by  hand. 

Before  you  begin,  you  muft  make  choice  of  fuch 
a  pofition  of  the  body,  that  the  work  may  be  the 
eafieft  done  -,  and  that  the  moft  parts  of  it  may  be 
feen,  and  that  it  may  appear  to  the  beft  advantage. 
If  a  paralielopipedon  be  propofed,  it  may  be  placed 
with  one  iide  parallel  to  the  pidure,  fo  that  two 
faces  befide  the  top  may  be  feen.  If  a  folid  has  a 
triangle  for  its  bafe,  it  may  be  fet  to  advantage, 
by  placing  one  fide  parallel  to  the  pidure.  An4 
if  they  be  fet  tq  touch  the  table  it  will  fhorten  the 
work. 

In  drawing  all  bodies,  you  muft  have  its  plan 
drawn  out  upon  the  geometrical  plane.  And  if 
Xhe  body  be  rriuch  compounded,  you  muft  have  the 

front 
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front  ^nd  profile,  or  the  fe6tions  thereof  made  by  Fig. 
perpendicular  planes,  which  is  to  diredt  you  in  the 
altitudes  of  the  feveral  parts,  and  their  places  and 
pofitions.  You  muft  work  by  the  plan  for  making 
the  bafe  of  the  body  ;  and  by  the  frbnt  and  profile 
for  getting  the  altitudes,  to  be  ereded  upon  the 
feveral  parts  of  that  bale.  The  profile  (hews  thele 
heights,  and  the  plan  fliews  where  they  are  ta 
ftand. 

Example  i. 

To  draw  a  cube  in  perfpedtive.  This  is  fo  fim-  47I 
fie,  that  it  needs  neither  profile  nor  plan.  Let  AB 
be  the  ground  line,  S  the  point  of  fight,  D  the 
point  of  diflance.  Let  one  fide  of  the  cube  be  in 
the  ground  line  at  EF.  To  the  point  of  fight  S» 
draw  ES,  FS.  Alfo  draw  DF  to  the  point  of  dif- 
tance,  to  cut  ES  in  H.  Draw  HG  parallel  to  EF, 
to  cut  SF  in  G.  Then  EFGH  is  the  bafe,  upon 
which  at  the  points  E,  F,  G,  H,  are  to  be  railed 
perpendiculars  equal  to  EF.  Therefore  make  EI 
and  FK  =  to  EF.  Alfo  make  GL  and  HM  =t 
HG,  then  I,  K,  L,  M,  are  the  tops  of  thefe  per- 
pendiculars ;  then  draw  IK,  KL,  LM,  MI,  and 
they  compleat  the  cube. 

For  fince  the  fides  of  the  cube  are  all  equal,  and 
EF,  FK,  KI,  IE  are  all  in  the  pidure,  their  re- 
prefentations  are  equal  to  thefe  Jines.  And  (by 
Prob.  XL)  HG  is  the  image  of  EF ;  and  HG, 
GL,  LM,,  MH  being  parallel  and  equidiftant  froni 
the  pidlure,  are  all  equal  in  appearance.  Therefore 
EGl  is  the  cube  drawn  in  perfpedive. 

Ex.  2.. 
To  draw  a  triangular  prifm,  whofe  bafe  is  an  47. 
equilateral  triangle.  Let  one  fide  be  in  the  ground 
line  AB,,  at  NO.  Find  the  appearance  of  the  other 
angle  of  the  bafe  at  ?,,  by  ProK  VI.  Then  NOP 
h  the  bafe.  Make  NQ  equal  to  the  height  of  the 
E  4  .  prifm^ 


ss  perspective; 

Fig.  prifm,  and  draw  QS,  and  thro'  P  draw  RV  pa« 

47.  rallel  to  NQ,  then  fet  off  Fp  equal  to  RV,  and 

perpendicular  to  BA  ^  alfo  make  N;;,  Oo  equal  to 

NQ5  and  perpendicular  to  AB.     Then  draw  no^ 

opy  fn  j  and  isOYpno  is  the  prifm  required. 

^3^  To  draw  a  parallelopid^don,  whofe  bafe  is  a  rec-^ 
'  tangle.  Here  P  is  the  plan  and  Q  the  profile  j 
AB  the  ground  line,  DS  the  horizontal  line,  S  the 
point  of  fight,  D  the  i>oint  of  diftance.  By  Prob; 
VI,  find  the  appearance  in  the  picture  of  all  the 
points  in  the  plan,  as  D,  D,  D,  D,  I,  I,  1,  I, 
make  FO  equal  to  the  perpendicular  height  of  the* 
body,  draw  OS,  and  thro'  D,  and  I,  draw  the  lines 
KD,  LI  parallel  to  AB :  at  D,  D,  eredt  two  per- 
pendiculars equal  to  KD,  as  D^,  Dd.  And  at  I, 
I,  raife  two  perpendiculars  equal  to  LI,  as  I/,  I/. 
Then  drawing  the  flant  lines  as  in  the  profile,  and 
alfo  the  lines  di^  ii^  id^  dd.  You  have  the  parallelo-- 
pipedon  required. 

Ex.  4. 

^g^  To  draw  a  cylinder  in  perfpeftive.  Let  AB  be 
the  ground  line,  ^D  the  horizontal  line,  Sthe  point 
of  Sight,  D  the  point  of  diftance,  OGHK  the 
bafe  of  the  cylinder  on  the  geometrical  plane.  Let 
the  diameter  OH  be  perpendicular  to  AB,  and  the 
diameter  GK  parallel  to  it  ^  from  all  the  points  O, 
G,  H,  K,  and  as  many  moie  intermediate  points 
as  you  will,  let  fell  perpendiculars  to  the  ground 
line  AB  *,  from  which  points  draw  lines  to  the 
point  of  fight  S.  Make  FC,  FA  zz  to  FQ,  FH  ; 
draw  AD,  CD  to  the  point  of  diftance  D,  cutting 
SF  in  h  and  0^  lb  will  ho  be  the  image  of  HO.  In 
like  manner  g  is  the  image  of  G,  and  gk  drawn 
parallel  to  AB,  to  cut  DC  in  k  gives  gk  for  the 
image  of  GK.  And  as  many  intermediate  points 
may  thus  be  found  as  you  defire.  Then  joining 
all  thefe  points  by  a  curve  line,  gives  the  bafe  of 

the 
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the  cylinder  ghko.  Make  CB  the  altitude  of  the  Fig. 
cylinder,  and  draw  BD ;  and  from  0^  k^  h^  draw  49. 
parallels  to  AB  to  cut  BD ;  and  the  lengths  of 
thefe  parallels  fet  perpendicular  at  the  points  0^  ky 
b,  g,  gives  the  altitude  of  the  cylinder  in  thefe  fe- 
veral  points  ;  and  as  many  more  intermediate  alti- 
tudes may  be  fet  up  as  you  pleafe,  by  the  fcale  CDB. 
Then  the  curve  1234,  drawn  thro'  thefe  points^ 
determines  the  top  of  the  cylinder.  If  rhe  cylin- 
der be  an  oblique  one,  inflead  of  railing  the  perr 
pendiculars  from  &y  k,  b^  g^  they  muft  be  raifed 
from  the  points  where  the  perpendiculars  from  the 
top  cut  the  plan,  and  at  lafl  the  oblique  lines  01  ^ 
H-f  ^3->  S^  ^^^ft  be  drawn,  and  the  curve  thro'the 
points  I,  2,  3,  4,  as  before. 

Ex,  5. 

Let  a  pyramid  be  put  in  perfpedlive  with  a  hex-  ^q] 
agonal  bafe.  Let  CEFGHI  be  the  plan  of  the 
bafe.  From  all  the  angles  of  the  bafe  let  fall  per- 
pendiculars upon  the  ground  line  AB,  and  from 
the  points  of  interfe6tion,  draw  lines  to  the  point 
of  fight  S.  Then  fetting  off  the  diftances  of  thefe 
angles  from  AB,  from  thefe  points,  towards  B, 
draw  lines  to  interfedl  -the  former.  Thus  H,  I,  C 
are  projedted  into  ^,  /,  c.  Then  drawing  lines 
from  ^,  i^  f,  parallel  to  AB,  will  by  their  interfec- 
tions  with  the  correfpondent  lines,  find  the  points 
^,  /,  ^,  which  are  the  projedions  of  E,  F,  G.  Then 
if  P  be  the  point  where  the  perpendicular  from  the 
vertex  cuts  the  bafe,  find  its  projedlion  p,  as  you 
did  the  reft.  Set  off  the  altitude  of  the  pyramid 
from  I  (in  the  perpendicular  Pi  J  to  2,  and  draw 
2S  j  and  thro'  />,  draw  3/)  parallel  to  AB,  which 
fet  from  p  to  V,  perp.  to  AB.  Then  draw  lines 
from  the  vertex  V  to  all  the  angles  of  the  bafe, 
cefghi  J  as  V^,  V/,  V^,  V/^,  V/,  Yc  ♦,  or  rather  leav- 
ing 
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Fig.  ing  out  Vr  and  V^,  which  are  invifible,  draw  the  reft 
0Oi  of  the  lines,  and  the  pyramid  is  finilhed. 

Ex.  6. 

^j^  To  draw  the  fruftum  of  a  fquare  pyramid  in 
*  perfpedive.  Let  P  be  the  plan  of  the  bafe,  Q^ 
the  profile.  From  all  the  angles  of  the  plan,  let 
fail  perpendiculars  on  the  ground  line  AB,  from 
the  points  of  interfe6tion  draw  lines  to  the  point 
of  fight  S.  Then  take  fucceflively  the  diftances 
of  thefe  angles  from  AB,  and  lay  them  from  their 
correfpondent  perpendiculars  towards  A  ;  and  from 
the  points  where  they  fall,  draw  lines  to  the  poi.it 
of  diftance  D,  to  interfed  the  correfpondent  lices 
drawn  towards  S  ;  the  points  of  interfedion  joined 
by  right  lines,  gives  the  perfpedtive  of  the  bafe 
LMNO,  and  likewife  of  the  interior  fquare  1234. 
Then  make  BC  the  perpendicular  altitude  of  the 
fruftum,  according  to  the  profile,  and  draw  lines 
from  any  point  S,  as  SB,  SC,  From  1234 
draw  parallels  to  AB,  to  interfed  SB,  in  certain 
points,  from  which  other  parallels  muft  be  drawn 
to  BC,  reaching  to  SC  ;  and  thefe  laft  parallels  nniuft; 
be  fet  off  from  the  correfponding  points  1,  2,  3, 4» 
perpendicularly;  thefe  give  the  angles  at  the  top 
at  /,  my  fly  0,  And  the  lines  Iniy  mn^  no  ok  being 
drawn,  give  the  top  end  of  the  fruftum  ;  and  laft- 
ly,  the  lines  /L,  mM^  and  ^O  drawn,  and  the  fid^ 
hoy  and  top  mq^  ihaded ;  the  fruftum  is  finiflied^ 

Ex.  7. 
52.  To  reprefent  a  hollow  cube  in  perfpeftive.  Let 
P  be  the  bafe,  from  all  the  points  of  it,  let  fall 
perpendiculars  to  the  ground  line  AB,  and  fet  off 
their  diftances  along  BA,  as  before.  Draw  lines 
from  the  firft  points  to  S,  and  from  the  laft  to  D, 
to  interfe6t  in  the  points  of  the  perfpeftive  bafe,  as 
at  L,  M,  N,  O,  and  i,  2,  3,  4-    Make  BC  the 

height. 
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height,  equal  the  fide  of  the  cube.     And  make  aFig.  V^^ 
fcaleSCB  as  before  for  fetting  off  the  altitudes,  5a.     '^' 
by  drawing  froni  L,  i,  4,  O  parallels  to  AB,  and 
from  the  points  of  their  interfering  SB,  draw  pa-  ^, 
rallels  to  CB,  for  the  refpedive  altitudes  at  L,   r,  ^v 
4,  O,  and  thofe  oppofitc  on  the  other  fide.     Seve- 
ral lines  are  left  undrawn  to  avoid  confufing  fo 
fmall  4  figure  ;  btJt  the  way  of  proceeding  is  evi- 
dent. '• 

Ex.  8. 

To  draw  feveral  rows  of  fquare  pillars,  at  equal  53. 
diftances  and  of  equal  heights. 

Firft  defcribe  the  bafes  or  fituations  of  all  thefe 
pillars,  which  is  beft  done  by  defcribing  a  floor  of 
fquares,  as  in  Ex.  4.  Prob.  VIII.  and  upon  each 
row  of  fquares  taken  at  equal  diflances,  erecting 
perpendiculars  upon  the  feveral  bafes,  equal  to  the 
given  height.  Here  the  fquares  are  all  equal  to  the 
defigned  bafes  of  the  pillars  ;  the  pillars  being  all 
finifhed,  fuch  fquares  as  are  hid  behind  the  pillars 
muft  be  rubbed  out,  and  the  parts  that  are  vifible 
may  be  drawn  in  full. 

If  inftead  of  fquare  pillars  you  would  have  cy- 
linders, then  the  fquares  muft  be  made  equal  to  the 
diameters  of  the  cylinders,  and  defcribe  the  repre- 
fentation  of  the  circles  of  the  bafes  within  the 
fquares,  upon  which  perpendiculars  muft  be  eredted 
as  before.  Or  if  they  be  cones,  perpendiculars 
muft  be  ereded  from  the  middle  of  every  corre- 
fpondent  fquare,  from  the  top  of  which  two  right 
lines  muft  be  drawn  to  the  fides.  And  after  this 
manner  any  other  prifmatic  bodies  may  be  drawn, 
having  any  poligonal  bafes,  defcribing  firft  the  bafes, 
of  the  polygons  in  their  proper  fquares,  and  ere6t- 
ing  perpendiculars  at  every  angle,  of  the  height 
given  ;  and  compleating  the  folids. 

As  to  the  fquare  pillars,  it  is  evident  that  two 
parallel  fides  are  parallel  to  the  ground  line  AB, 

and 
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Fig.  and  the  other  two  fides,   which  are  alfo  parallel, 
^2'  range  to  the  point  of  fight  S,  ; 

-  Here  the  foremoft  pilla^^^Jtod  in  the  gfound 
line  AB,  but  if  they  had  Weilpl^e  dillance,  the 
images  of  the  firft  would  hav^been  diminifhed, 
which  requires  fo  much  labouf^  fmore  than  if  they 
had  flood  in  the  ground  line.     .. 

Ex.  c^ 

^A  To  draw  an  equilateral  crofs,  {landing  upright 
upon  the  geometrical  plane.  Draw  the  plan  PP 
and  the  profile  QQ-  Let  the  plan  PP  be  drawn 
in  perfpedlive,  which  will  be  cccc  %  and  from  the 
points  c^  r,  d^  3^  &c.  raife  perpendiculars  to  the 
ground  line  AB,  upon  which  fet  off  the  heights  of 
the  crofs  in  thefe  particular  places,  according  to  the 
profile,  but  diminifhed,  becaufe  it  does  not  fland 
upon  the  horizontal  line.  Then  all  the  lines  being 
drawn  as  in  the  figure,  will  give  the  perfpedive 
appearance  of  the  crofs. 

if  the  crofs  had  been  double,  the  plan  would  be 
the  fame  as  the  profile  ?Q,  and  the  fore  part  would 
come  to  the  ground  line  AB,-  and  perpendiculars 
mull  be  ereded  at  R,  r,  &c.  of  a  proper  height, 
and  lines  drawn  to  terminate  the  other  ends  of  the 
crofs. 

Ex,  lo. 

R,^,  To  reprefent  a  hollow  prifm  Handing  upon  an 
edge.  Let  P  be  the  plan,  Q  the  profile  when  cut 
thro'  the  middle.  Produce  the  lines  of  the  plan 
till  they  cut  the  ground  line  AB,  and  from  thence 
draw  lines  to  the  point  of  fight  S.  Then  fetting 
off  the  diftances  in  the  plan,  3,  i,  4,  &c.  along 
the  ground  line  towards  A,  draw  lines  to  the  point 
of  diflance  D  as  ufual,  which  will  find  the  points  3, 
I,  4,  &c.  on  the  lines  drawn  to  the  point  of  fight, 
correfponding  to  the  points  3,  i,  4  in  the  plan. 

Then 
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Then  from  the  points  2,  2  in  the  picture,  raife  per-  Fig. 
pendiculars  by  the  plan,  which  will  give  the  exter-  ^^. 
nal  angles  2,  2  of  the  prifm,  the  points  i  and  i  are 
the  angles  of  it  below,  and  perpendiculars  eredted 
at  I,  I,  by  the  plan,  will  give  the  angles  i,  i  at 
the  top.     Then  the  lines  12,  21,  11,  12,  21,  11, 
being  drav/n,  give  the  external  circumference  of  the 
forefide  of  the  prifm.     Then  to  find  the  inner  cir- 
cumference bounding  the  cavity,  from  3,  4,  &c. 
in  the  line  S2,  raife  perpendiculars  according  to  the 
profile,  which  will  be  ^5,  r^  ;  thefe  will  give  the 
points  5,  5,  5,  5,  being  the  inner  angles  of  the 
internal  poligon.     And  from  3,  3  raife  other  per- 
pendiculars, which  are  equal  to  r2  by  the  profile, 
and  thefe  will  give  the  points  3,  3.     Then  thefe 
points  connedted  by  right  lines  will  give  the  inner 
polygon,  5^5535'     In  drawing  thefe  perpendicu- 
lars, they  muft  be  diminifhed  according  to  their 
fituation  by  Prop,  XV.  and  ought  to  be  drawn  in 
a  feparate  paper,  to  avoid  fo  great  a  confufion  of 
lines  •,  then  for  the  back  fide  of  the  prifm,  or  that 
from  the  eye  ;  fince  the  pofition  of  the  prifm  is  fuch, 
that  its  axis  is  parallel  to  the  ground  line,  the  in- 
terfedlions  of  all  the  faces  with  one  another,  v/ill 
be  parallel  to  the  picture  ;  and  therefore  to  find  the 
angles,  draw  from  the  points  j,  2,  &:c.  lines  pa- 
rallel to  AB,  whofe  length  muft  be  2B,  but  dimi- 
nifhed according  to  their  fituations  ;  thefe  give  the 
angles  6,  6,  6,  which  joined  by  right  lines  give 
the  appearance  of  the  back  fide  of  the  prifm  f)66^ 
as  far  as  it  is  vifible.     Then  for  the  inner  part^ 
from  ^,  5,  &c.  draw  lines  parallel  to  AB  as  before, 
but  diminifhed  by  Prop.  XV  ;  which  will  give  the 
points  7,  7  ;  and  lines  being  drawn  from  one  to 
another,  will  give  part  of  the  inner  poligon  on  the 
back  fide,  fo  far  as  it  is  vifible  thro'  the  hole.  And 
the  planes  that  bound  it,  being  properly  fhaded, 
we  have  the  reprefentation  of  the  hollow  prifm  as 

required. 
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Fig.  required.     But  it  is  impoffible  to  reprefent  all  tM 
operations  in  fo  fmali  a  draught. 

Ex.  li. 

gSi       To  draw  a  trough  in  prfpe^ive^  being  a  holh'm 
parallelopipedon. 

Here  P  is  the  plari,  and  Q^the  profile  or  per- 
pendicular fedtion.  From  all  the  angles  in  the  plan^ 
draw  lines  perpendicular  to  the  ground  line  AB, 
and  draw  lines  from  thence  to  the  point  of  fight 
S.  Set  their  diftances  toward  A,  and  draw  lines 
from  thence  to  the  point  of  diilance  D^  to  cut  the 
former,  which  will  give  the  points  »,  n^  &c.  in  the 
pidure.  From  the  feveral  points  n^  raife  the  per- 
pendiculars noy  in  the  pidlure,  being  the  reprefen- 
tation  of  no^  no^  &c.  in  the  profile.  Likewife  eredt 
the  perpendiculars  nr^  nr^  &c.  to  reprefent  nr^  nr 
m  the  profile,  which  will  give  the  bottom  of  the 
trough.  Having  got  the  points  n^  n^  on  one  fide, 
you  need  only  draw  nn^  nn^  &cc,  parallel  to  AB,  to 
cut  the  lines  proceeding  from  S,  which  will  give 
the  points  ;/,  n^  on  the  oppofite  fide.  In  like  man- 
ner, having  got  the  points  o,  o^  &c.  on  one  fide, 
thofe  on  the  other  fide  are  had  by  drawing  parallels 
to  AB,  to  cut  the  perpendiculars  on  the  oppofite 
fide,  which  gives  the  points  ^,  o.  Then  the  lines 
nn^  nn,  &c.  being  drawn  give  the  bafe  ;  and  oo,  oo, 
&c.  likewife  drawn,  give  the  edges  at  top,  on  the 
outer  and  inner  fide.  Likewife  rr,  rr,  &c.  drawn 
makes  the  bottom.  And  no,  no,  &c.  drawn  give 
the  corners,  which  finiflies  the  trough. 

Ex.   12* 

To  draw  a  parallelofipedon  leaning  againft  a  watL 

^^       Let  P  be  the  plan,  Q  the  profile,  or  front  view. 

^''  From  all  the  points  i,  2,  i,  i,  where  the  plan  cuts 

the  ground  line  AB,  draw  lines  to  tlie  point  of  fight 
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S;  then  fetting  the  diftances  of  i,  3,  &c.  towards  Fig. 
B,  draw  lines  to  the  point  of  diftance  D,  to  inter-  57, 
fed:  the  former  in  points  of  the  bafe,  where  per- 
pendiculars are  to  be  eredted ;  which  being  done, 
by  the  profile,  diminilhing  thofe  that  are  on  the  fur- 
ther fide ',  the  points  4, 4, 4,  and  5,  5,  5,  are  found, 
which  are  the  corners  at  the  top.  Then  thro'  thefe 
points,  drawing  lines  as  in  the  folid  itfelf,  we  have 
1444  for  the  firft  face,  and  S55  for  the  further  face 
of  the  folid.  Draw  45  and  54,  and  the  folid  is 
finifhed. 

P  R  O  B.      XIV. 

^0  find  the  image  of  the  Sun  in  the  piBure, 

Let  DR  be  the  horizontal  line,  AB  the  ground  ^g, 
line,  S  the  point  of  fight,  D  the  point  of  diftance. 
Draw  QS  perpendicular  to  DR,  and  make  SQ^zz 
SD^  and  make  the  angle  SQN  equal  to  the  fun*s 
declination  from  the  vertical  plane,  on  the  left  or 
right,  according  as  the  ray  drawn  thro'  the  eye  and 
the  fun  interfeds  the  pidture.  Then  draw  NL  per^ 
pendicular  to  DS,  and  take  NR  zz  NQ,  and  make 
the  angle  NRL  equal  to  the  fun's  altitude,  above 
or  below  the  horizontal  line  DS,  according  as  the 
fun's  ray  drawn  thro'  the  eye  interfedts  the  picture  •, 
then  L  is  the  image  of  the  fun  in  the  pidure.  Alfo 
draw  LI  parallel  to  DS,  to  cut  QS  in  I,  and  N  is 
the  point  of  declination^  and  I  the  point  of  inclina" 
tion  in  the  pidture. 

For  if  the  triangle  NQS  be  raifed  up  till  it  ftand 
perpendicular  over  NS  -,  then  fince  the  line  SQ^is 
equal  to  SD  the  diftance  of  the  eye  from  the  pic- 
ture i  and  the  angle  SQN,  is  the  declination  of 
the  fun  from  the  pidture  ;  therefore  the  fun's  image' 
will  be  fomewhere  in  the  line  NL.  Again,  fince 
NR  is  equal  to  NQ^  the  diftance  of  the  eye  from 
N,  and  the  angle  NRL  is  the  fun's  altitude,  there- 
fore 
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Fig.  fore  he  is  in  the  point  where  RL  interfefls  NL^ 

58.  and  that  is  at  L. 

Cof.  //  the  fun  is  in  thd  plane  of  the  pifiure^  his 
place  L  will  be  at  an  infinite  diftance^  in  the  line  RL. 

For  then  his  declination  from  the  vertical  plane^ 
is  90  degrees. 

PRO  B.    XV. 

59,  *To  find  the  appearance  of  thejhadow  of  a  right  line;^ 
perpendicular  to  the  geometrical  plane ^  to  thepi^lure^ 
or  to  the  vertical  plane  -,  caft  upon  that  plane ^  or  their 
parallels^  by  the  fun^s  light. 

1.  Find  the  appearance  of  the  fun  in  the  pifturjf 
at  L  by  the  laft  Prob.  and  alfo  the  points  N  and  I, 
the  points  of  declination,  and  inclination.  And 
let  GH  be  a  lipe  perpendicular  to  the  geometrical 
plane*  Thro'  the  point  of  declination  N  and  the 
foot  of  the  line  H,  draw  the  line  NH,  which  muft 
be  terminated  by  drawing  the  line  LG  from  the 
place  of  the  fun  thro'  the  top  of  the  line  G  to  in- 
terfed  NH  in  M,  then  HM  is  the  image  of  the 
jfhadow  of  GH.  Alfo  the  fhadow  of  GH  upon  the 
pidture  or  vertical  plane  will  be  parallel  thereto. 
And  therefore  the  image  will  be  perpendicular  to 
AB. 

For  (by  Prop.  XXIJ  the  fhadow  MH  tends  to 
N,  the  point  of  declination  ;  and  M  is  the  fhadow 
of  G.  Therefore  MH  is  the  fhadow  of  GH.  The 
refl  follows  from  Cor.  2.  Prop.  III. 

2.  Let  FK  be  a  line  perpendicular  to  the  pic- 
ture. Let  fall  FC  perpendicular  to  the  geometri- 
cal plane,  and  thro'  N  and  C  draw  N^/  •,  thro'  L 
the  fun's  place  and  F,  draw  LF/,  cutting  NC/  in 
/,  which  is  the  fhadow  of  F.  Draw  fk  toward  S, 
iikewife  draw  LK  cutting//^  in  k.,  then  k  is  the 
fhadow  of  K,  and  confequently //^  is  the  image  of 

the 
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the  fhadow  of  FK.     And  by  Prop.  XXI,  fk  muft  Fig. 
tend  towards  the  point  of  fight  S.     And  if  the  59. 
fhadow  of  FK  falls  upon  the  vertical  plane,   its 
fhadow  will  be  parallel  to  FK,  and  its  image  will 
tend  X.0  S, 

Let  PQ  be  alfo  perpendicular  to  the  pidture, 
draw  QR  parallel  to  SL,  and  QR  will  be  the  di- 
redtion  of  the  fhadow  in  the  pi6ture  ;  fuppofing  the 
fun  on  your  back,  and  it  is  terminated  by  drawing 
LP  from  the  place  of  the  fun,  to  the  end  P  of  the 
line,  to  cut  QR,  fomewhere  in  the  plane  ARQj 
for  the  part  of  the  fhadow  that  falls  without  the 
plane  is  lofl.  For  if  it  cut  it  at  R,  then  R  is  the 
Ihadow  of  P,  and  QR  the  fhadow  of  QP  in  the 
picture ;  and  if  a  line  perpendicular  to  the  pidure 
was  ere(5bed  at  S,  it  is  evident  its  fhadow  would 
tend  to  L.  But  PQ  being  parallel  to  the  line  at 
S,  its  fhadow  by  the  fun's  light,  will  be  parallel  to 
the  fhadow  of  the  other,  or  to  the  line  SL,  as  is  e-. 
vident  by  Prop.  XXL 

3.  Let  VZ  be  a  line  perpendicular  to  the  verti- 
cal plane.  Thro'  the  point  of  inclination  I,  and  - 
the  foot  of  the  line  Z,  draw  the  line  IZ1;,  which 
is  the  indefinite  fhadow  of  VZ,  and  mufl  be  ter- 
minated by  drawing  the  line  LV  thro'  the  place 
of  the  fun,  and  the  end  of  the  line  VZ,  to  inter- 
fed  the  fhadow  Zi;  in  v  •,  then  Zv  is  the  fhadow 
of  VZ  in  the  pidure,  or  its  appearance. 

For  (by  Prop.  XXI.J  the  image  of  the  fhadow 
vZ  tends  to  I  the  point  of  inclination,  and  v  is 
the  fhadow  of  V ;  therefore  Zv  is  the  fhadow  ot 
ZV,  upon  the  vertical  plane  Z-yr,  fuppofing  the 
fun  in  your  face ;  otherwife  the  fhadow  mufl  be  di- 
reded  the  contrary  way. 

Again  the  fhadow  of  VZ  upon  the  geometrical 
plane  will  be  parallel  thereto  (by  Cor.  i.  Prop. 
XVIII),  and  therefore  parallel  to  the  ground  line 
AB  j  and  this  fhadow  being  taken  as  an  objed,  its 

F  appear- 
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Fig.  appearance  in  the  pidlure  will  alfo  be  parallel  to 
en,  AB,  by  Prop.  III.     Likewife  the  fhadow  of  VZ 
upon  the  pidure  will  be  parallel  to  VZ,  and  that 
fhadow  coincides  with  its  image. 

Cor.  I .  Hence  if  a  line  he  perpendicular  to  the  geo- 
metrical plane  ^  the  image  of  its  fhadow  upon  the  ver- 
tical plane  or  the  pi^ure^  is  perpendicular  to  the  ground 
line.  If  a  line  be  perpendicular  to  the  pi^ure^  the 
image  of  its  fhadow  upon  the  geometrical  plane  and 
<c er tic al  plane ^  tends  to  the  point  of  fight.  And  if  a 
line  he  perpendicular  to  the  vertical  plane^  the  image 
cj  the  fhadow  upon  the  geometrical  plane ^  or  the  pic- 
ture,, will  he  parallel  to  the  ground  line.  And  the  fame 
of  their  parallel  planes. 

Cor.  2.  When  the  fun  is  in  the  plane  of  the  picture  \ 
the  image  which  a  right  line  perpendicular  to  the  ge- 
ometrical plane ^  cafis  upon  that  plane  or  its  parallels^ 
is  parallel  to  the  ground  line ;  upon  the  vertical  plane 
cr  its  parallels,^  is  perpendicular  to  the  ground  line. 

For  the  point  N  in  this  cafe  is  removed  to  an 
infinite  diftance  along  the  line  SD,  and  therefore 
NHM  will  be  parallel  to  AB,  which  is  the  ap- 
pearance of  the  fhadow  of  GH. 

Cor.  3  When  the  fun  is  in  the  plane  of  the  pic- 
ture ;  the  image  which  a  line  perpendicular  to  the  pic- 
ture,^ cafts  upon  thepi5iure  or  its  parallels,,  is  parallel 
to  LS.  Upon  the  geometrical  plane  or  its  parallels,^ 
tends  to  the  point  of  fight ;  upon  the  vertical  plane  or 
its  parallels,,  tends  to  the  point  of  fight. 

For  if  a  line  be  erected  at  L,  perpendicular  to 
the  pidure,  LS  will  be  the  fhadow  thereof;  and  all 
lines  parallel  to  that  line,  v/ill  have  their  fhadows 
parallel  to  one  another  and  to  LS.  When  the 
fhadow  falls  upon  the  geometrical  or  vertical 
plane  \  then,  the  real  fhadow  will  be  perpendicular 

to 
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to  the  pidlure ;  and  confequently  its  image  tends  Fig. 
to  the  point  of  fight.  ^^, 

Cor.  4.  When  the  fun  is  in  the  plane  of  the  fiSlure ; 
the  image  of  a  line  perpendicular  to  the  vertical  plane ^ 
falling  on  it  or  its  parallels^  will  be  perpendicular  to 
the  ground  line.  On  the  geometrical  plane  or  its  pa^ 
rallels^  is  parallel  to  the  ground  line.  Upon  the  pic- 
ture  or  its  parallels^  is  an  infinite  furface. 

For  the  point  I  being  removed  to  an  infinite 
diftance,  in  the  line  SI,  the  line  YLv  will  be  pa- 
rallel to  IS,  or  perpendicular  to  AB.  And  on 
the  geometrical  plane  the  real  fhadow  is  parallel  to 
the  ground  line,  and  therefore  its  image  is  alfo  pa- 
rallel to  the  ground  line. 

P  R  O  B.      XVI. 

^0  find  the  image  of  the  fhadow  of  a  right  line 
falling  upon  an  inclined  plane^  by  the  fun's  light. 

Let  CE  be  a  right  line  or  any  upright  obje6l  5oJ 
upon  the  geometrical  plane,  PFQ^an  oblique  plane 
cutting  the  geometrical  plane  in  the  line  RV  -,  let 
OKB  be  a  plane  parallel  to  the  vertical  plane,  and 
therefore  perpendicular  to  the  geometrical  plane, 
and  cutting  the  oblique  plane  RQ  in  the  line  PQ, 
and  the  geometrical  plane  in  KB.  Let  N  be  the 
point  of  declination,  and  I  the  point  of  inclina- 
tion, L  being  the  fun's  place.  Thro'  E  the  foot 
of  the  object,  and  N  the  point  of  declination,  draw 
NEG  to  the  foot  of  the  plane  OKB.  From  G 
raife  the  perpendicular  GH,  to  cut  the  top  of  the 
oblique  plane  PQ^in  H,  and  from  F,  where  the 
line  NG  cuts  the  bafe  of  the  oblique  plane,  draw 
FH,  Laftly  from  the  place  of  the  fun  L,  draw 
the  top  of  the  objedl  C,  the  line  LCZ  cutting  FH 
in  Z,  where  the  fhadow  is  terminated.  Then  EFZ 
is  the  fhadow  of  the  objed  CE. 

F  2  For 
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Fig.  For  (by  Prob.  XV.)  EFG  is  the  direaion  of  the 
60.  fhadow  of  the  objed  CE,  and  GH  is  a  part  of  the 
fhadow  when  the  oblique  plane  is  taken  away. 
Therefore  FH  is  the  fhadow  upon  the  oblique 
plane.  And  this  is  terminated  at  Z  by  the  line  LC 
produced  to  cut  FH  in  Z  ,  where  Z  is  the  Ihadow 
of  G. 

Cor.  I .  If  the  oblique  plane  RQ  was  taken  away^ 
the  Jhadow  would  be  EGH  ;  the  part  EG  upon  the 
horizontal  plane ^  and  a  part  of  GH.  upon  the  perpen- 

'  dicular  plane. 

Cor.  2.  If  the  obje5i  CE  had  been  higher^  apart 
cf  the  fhadow  would  have  fallen  upon  the  line  HT  \ 
and  then  the  fhadow  of  CE  would  have  fallen  upon 
the  three  planes^  NB,  RQ,  and  BO. 

Cor.  3.  After  this  manner  it  will  be  eafy  to  trace 
the  fhadow  of  any  perpendicular  object  thro'  any  num- 
ber of  planes  however  fttuated. 

Cor.  4.  If  the  objeEi  is  not  perpendicular  to  the 
geometrical  plane ^  yet  its  fhadow  may  be  founds  by  let- 
ting fall  a  perpendicular  from  the  top  as  CE,  and 
finding  the  point  Z  as  before  \  and  drawing  thro"*  the 
foot^  which  fuppofe  to  be  at  e^  the  line  N^ V,  and  then 
drawing  VZ. 

Scholium. 

This  fuppofes  the  fun  to  be  beyond  the  pi6ture ; 
but  if  it  is  behind  your  back,  you  muft  raife  the 
plane  OB  perpendicular  to  the  geometrical  plane 
as  before,  but  parallel  to  the  pi6ture.  And  the 
reft  of  the  work  will  be  the  fame.  Here  if  the 
line  NE  does  not  cut  the  bafe  RV  of  the  oblique 
plane,  or  if  LC  does  not  meet  FH  ♦,  the  fhadow 
will  not  fall  upon  the  inclined  plane.  If  a  line  is 
drawn  from  L  thro'  any  point  i  of  the  line  CE,  to 
cut  the  line  NE  produced  in  2  j  then  will  2FZ  re- 

prefent 
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prefent  the  fhadow  of  the  part  of  the  line  Ci^  and  Fig. 
E2  the  fhadow  of  the  part  Ei.upon  the  geome-  60, 
trical  plane.  The  fhadow  of  the  point  i  will  be 
reprefented  by  2  ;  and  fo  the  representation  of  any 
point  of  the  line  CE  may  be  found  by  drawing  a 
line  thro'  L  and  thro'  that  point  -,  and  fo  it  will  be 
known  whether  that  fhadow  falls  upon  the  geome- 
trical plane,  or  upon  the  oblique  plane,  or  iipon 
the  perpendicular  one.  When  the  fun  is  in  the 
plane  of  the  picture,  the  points  N  and  I  vanifh, 
being  at  an  infinite  diflance,  and  then  the  line  EF 
mufl  be  drawn  parallel  to  the  ground  line  AB,  till 
it  meet  the  oblique  plane  in  F,  at  the  common  in- 
terfe6lioh  of  it  with  the  vertical  plane ,  and  pro- 
ceed with  the  refl  as  before. 

P  R  O  B.      XVII. 

^0  find  the  image  of  the  Jhadow  of  a  body  upon  tht 
geometrical  plane^  when  the  fun  is  in  the  plane  of  the 
picture. 

Let  fall  perpendiculars  from  all  the  angles  of  the  61.. 
body  upon  the  geornetrical  plane  ;  from  all  the 
points  of  interfe61;ion,  draw  lines  parallel  to  the 
ground  line,  continued  on  the  oppofite  fide  of  the 
light.  Then  from  all  the  angles  of  the  body,  draw 
lines  parallel  to  the  rays  of  the  fun,  to  cut  the  for- 
mer lines  drawn  thro'  the  feet  of  the  perpendicu- 
lars, each  with  each  ;  the  points  of  interfedtioawill 
determine  the  ends  of  the  fhadow. 

Examp, 
LetDEFG^bean  inverted  pyramid,  whofe  vertex 
is  at  0^  in  the  geometrical  plane  ;  from  the  points  D, 
E,  F,  G,  let  fall  the  perpendiculars  D<^,  •  E^,  F/; 
G^,  upon  the  geometrical  plane.  From  ^,  /,  gy 
draw  the  lines  ei^  /2,  ^3,  parallel  to  the  grauni 

F  3  lii^: 
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Fig.  line  AB.  Then  thro'  E,  F,  and  G,  draw  the  lines 
6i.  Ei,  F2,  G^^  parallel  to  the  fun's  ray  LS  ;  TSL 
being  the  fun's  altitude.  The  firft  interfedts  ^i  at 
I,  the  ihadow  of  E  ;  the  fecond  iriterfeds /2  at  2, 
the  fhadow  of  F  ;  and  the  third  interfeds  ^3  at  3, 
which  is  the  Ihadow  G.  The  point  D  is  omitted, 
being  on  the  other  fide  of  the  body,  can  give  no 
fhadow.  Then  drawing  ci,  12,  23,  ^73  ;  thefe 
lines  terminate  the  Ihadow  of  the  pyramid.  For 
10  is  the  fhadow  of  the  fide  E^,  and  1 2  of  the  line 
EF  ;  23  of  the  line  FG,  and  ^0  the  fhadow  of  the 
line  Go.  And  therefore  ^i  23<?  is  the  fhadow  of  the 
pyramid  ^DEFG. 

P  R  O  B.     XVIIl. 

To  find  the  image  of  the  Jhadow  of  a  body  upon 
the  geometrical  plane ;  when  the  fun  is  out  of  the  plane 
cf  the  pi5lure. 

Find  the  fun's  place  in  the  pi6lure,  as  alfo  the 
point  of  declination.  Then  from  all  the  angles  of 
the  body  let  fall  perpendiculars  upon  the  horizon- 
tal plane.  Thro'  the  places  where  they  fall,  draw 
lines  from  the  point  of  the  fun's  declination,  con- 
tinued beyond  the  body.  Then  draw  lines  from 
the  fun's  place  thro'  all  the  angles  of  the  body,  to 
cut  the  former ;  the  points  of  interfedtion  will  ter- 
minate the  fhadow  of  thefe  perpendiculars ;  and 
the  points  of  interfedtion  being  joined  by  right 
lines,  terminate  the  fhadow  of  the  body,  as  repre- 
fented  in  the  pidure.  Note,  fuch  lines  as  lie  next 
the  light  and  cafl  no  fhadow  may  be  left  out. 

Emmp, 

£2,  Eet  CD  3  be  the  fruflum  of  a  pyramid.  Find 
L  the  place  of  the  fun,  N  the  point  of  declination, 
in  the  horizontal  line  NS  j  AB  is  the  ground  line. 

From 
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From  the  points  C,  D,  E,  which  lye  from  the  fun,  Fig. 
let  fall  the  perpendiculars  Cc,  D^,  E^,  upon  the  62. 
horizontal  plane.  Then  thro'  c,  d,  e,  draw  from 
N,  the  lines  Nf,  Ni,  N^,  continued  beyond  the 
fruftum,  and  thefe  are  the  indefinite  fhadows  of  the 
perpendiculars  Cc,  Di,  E^.  Then  to  determine 
the  {hadows  of  the  points  C,  D,  E,  draw  from  L 
the  place  of  the  fun,  thro'  thefe  points,  the  lines 
LC4,  LD5,  LE6  •,  cutting  the  former  lines  drawn 
from  N,  in  the  points,  4,  5,  6,  which  are  the  iha- 
dows  of  C,  D,  E.  Then  drawing  the  lines  14, 
45y  5^?  ^3?  they  give  the  lliadow  of  the  fruftum 
required. 

Scholium. 

If  part  of  the  fhadow  fall  upon  an  inclined  plane, 
it  may  be  found  thereon,  by  finding  the  Ihadows 
of  the  feveral  perpendiculars,  after  the  manner  of 
Prob.  XVI  ;  and  then  drawing  lines  from  the  ex- 
treme points  which  will  terminate  the  fhadow. 
And  by  Prob.  XV.  the  appearance  of  the  fhadow 
of  a  line  falling  perpendicular  to  the  pidlure  or  ver- 
tical plane  may  be  found,  or  of  any  number  of 
lines,  and  confequently  that  of  a  furface  or  folid 
may  be  found  on  any  of  thefe  planes. 

In  drawing  any  forts  of  fhadoWs,  they  muft  be 
taken  for  objeds-,  and  therefore  their  real  pofitions, 
upon  the  planes  they  fall  on,  muft  be  known. 

PROB.      XIX. 

To  find  upon  the  geometrical  plane ^  the  image  of  the 
fhadow  of  a  pointy  a  line^  a  furface  or  folidy  expofed 
to  a  fmall  light. 

From  the  point  given  let  fall  a  perpendicular  to 

the  geometrical  plane  •,  likewife  from  the  light,  let 

fall  a  perpendicular  to  the  fame  plane,  to  have  the 

foot  of  the  light.     Then  from  the  foot  of  the  light 

F  4  dram 
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Fig.  draw  a  line  thro'  the  foot  of  the  perpendicular, 
which  is  the  dire6lion  of  the  Ihadow.  Then  draw 
from  the  light  thro'  the  given  point,  a  right  line 
cutting  the  former,  then  the  point  of  interfedion 
is  the  Ihadow  of  the  given  point  in  the  pi6lure. 

And  the  line  contained  between  the  foot  of  the 
perpendicular,  and  this  point,  is  the  Ihadow  of  the 
perpendicular. 

After  the  fame  manner  if  another  point  is  given, 
the  image  of  its  Ihadow  may  be  found,  and  the 
line  drawn  between  them  is  the  image  of  the  Iha- 
dow of  a  line  drawn  between  the  two  given  points.. 

And  thus  the  reprefentations  of  the  fhadows  of 
all  the  lines  and  points  in  a  folid  may  be  found, 
and  confequently  the  image  of  the  fhadow  of  the 
whole  body. 

Exam.  I. 

63,  Let  EHG  be  a  cube  {landing  upon  the  geome- 
trical plane ;  L  a  fmall  light,  LP  a  perpendicular 
vipon  that  plane.  Then  to  find  the  Ihadow  of  the 
point  F,  draw  from  the  foot  of  the  light  P,  thro* 
the  foot  of  the  perpendicular  G,  the  line  PGg, 
for  the  diredion  of  the  Ihadow.  Then  draw  thro' 
the  light  L  and  the  given  point  F,  the  line  LF 
continued  to  interfedl  the  former  in  3  -,  then  3  is 
the  fhadow  of  the  point  F  ;  and  G3.  is  the  fliadow 
of  the  line  FG. 

Again  for  the  point  E ;  from  the  foot  of  the 
light  P  draw  PI  thro'  the  foot  of  the  perpendicular 
EI,  continued  •,  then  thro*  the  light  L  and  the 
point  E,  draw  LE  continued  to  interfeft  the  other 
in  2  •  then  2  is  the  Ihadow  of  the  point  E ;  and 
I2  the  Ihadow  of  IE.  And  if  23  be  drawn  it  is 
the  Ihadow  of  EF.  And  G32I  is  the  fhadow  of 
the  plane  GFEI.  Again,  for  the  point  C  and  line 
CK  i  thro'  P  and  K  draw  the  line  PK  continued  5 
^nd  thro'  L  and  C  draw  LC  to  cut  the  former  in 
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i;  then   I   is  the  fhadow  of  C,  and  Ki  of  KC.  Fig, 
Therefore  drawing  12,    23,    3G;    we  ftiall  have  63. 
123G  for  the  image  of  the  fhadow  of  the  cube 
CGE. 

Let  DI  be  a  cylinder,  CE  a  perpendicular  beam/ 64, 
L  a  fmall  light,  P  its  foot,  GF  a  perpendicular 
wall.  To  find  the  Ihadow  of  the  beam  CE.  Thro' 
the  foot  of  the  light  P,  and  the  foot  of  the  beam 
E,  draw  PEF,  which  is  the  diredlion  of  the  fha- 
dow upon  the  geometrical  plane  ;  where  it  touches 
the  foot  of  the  wall  at  F,  raife  FG  perpendicular 
to  the  ground  line.  Then  from  the  light  L,  and 
thro'  the  top  of  the  beam  C  draw  LCG,  cutting 
FG  in  G,  which  is  the  height  of  the  fhadow.  At 
the  place  I  where  the  fhadow  meets  the  cylinder, 
fet  off  the  diameter  of  the  cylinder,  above  the  line 
EF,  which  will  find  the  highefl  point  of  the  cylin- 
der, thro'  which  the  fhadow  is  to  pafs,  and  thro' 
that  defcribe  a  femicircle  for  the  form  of  the  fha- 
dow. From  L  to  touch  the  top  of  the  femicircle 
at  I,  draw  the  line  LH,  which  will  interfedt  PF  in 
H,  the  point  to  which  the  fhadow  of  the  cylinder 
reaches,  at  the  point  I.  So  that  between  H  and 
the  cylinder,  we  have  the  fhadow  of  the  cylinder; 
and  beyond  that  is  the  fhadow  of  the  beam.  As 
it  pafTes  over  the  cylinder,  it  is  in  form  of  a  femi- 
circle ;  and  flreight,  from  E  to  the  cylinder.  The 
truth  of  all  this  appears  from  Prop.  XXII. 

Ex,  3. 

Let  CE  be  an  upright  pofl,  L  a  fmall  light,  P  65. 
the  foot  of  it,  FG  a  flight  of  flairs ;  to  find  the 
fhadow  of  the  pofl  CE,  upon  the  fleps.  Thro'  P 
and  E,  ,the  foot  of  the  light,  and  the  foot  of  the 
pofl,  draw  the  line  PED,  interfering  the  horizon- 
tal line  SD  in  D;  and  where  it  meets  with  the 
bottom  of  the  firfl  flep  at  i,  there  is  a  plane  per- 
pendicular 
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Pig.  pendicular  to  the  geometrical  plane,  draw  the  line 
6c;.  12  upon  it,  perpendicular  to  the  ground  line  AB  ; 
till  meeting  with  another  plane  at  2,  parallel  to 
the  geometrical  plane;  draw  23  towards  D  upon 
that  plane,  till  you  come  to  3,  where  is  another 
perpendicular  plane  -,  upon  that  draw  34  perpendi- 
cular to  AB,  till  you  come  at  4,  where  you  meet 
another  horizontal  plane,  thro'  which  draw  45,  ftill 
diredted  to  D ;  and  at  five  where  you  meet  with 
another  perpendicular  plane  draw  56,  ftill  perpen- 
dicular to  AB  ;  and  then  upon  the  next  horizontal 
plane  a  line  from  6  tending  to  D,  which  runs  off 
the  fteps,  and  fo  there  is  an  end  of  the  fhadow. 
If  from  L  the  point  of  light,  and  C  the  top  of 
the  poft,  the  line  LC  be  drawn,  it  cuts  none  of 
the  former  lines,  and  therefore  the  remainder  of 
the  Ihadow  at  top  is  loft,  and  no  where  to  be  found. 
For  the  plane  of  the  ftiadow  of  CE,  being  per- 
pendicular to  the  horizontal  plane,   will   cut  the 
planes  of  the  fteps  which  are  alfo  perpendicular  to 
the  horizon,  in  the  lines   12,  34,  56^  which  are 
perpendicular  to  the  ground  line  AB,  which  being 
parallel  to  one  another,  and  to  the  pi6lure,  their 
appearances  will  alfo  be  perpendicular  to  the  ground 
line,  by  Cor.  2.  Prop.  III.     Alfo  fince  the  plane 
of  the  fliadow  interfeds  the  horizontal  fteps  in  lines 
parallel  to  one  another  and  to  the  line  PD,  their 
images  23,  45,  all  tend  to  their  accidental  point 
(by  Prop.  IV.),  but  (Prop.  VIII.)  their  accidental 
point  is  in  the  horizontal  line  SD,  and  therefore 
at  D,  where  PE  interfedls  it. 

Scholium. 
By  a  like  method,  the  reprefentation  of  the  ftia- 
dow  of  any  point,  line,  &:c.  may  be  found  upon 
any  other  plane,  by  letting  fall  a  perpendicular 
upon  that  plane,  from  the  point  of  the  light,  and 
alfo  from  the  point  given  -,  as  may  eafily  be  ga- 
thered 
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thered  from  what  is  delivered  at  Prop.  XXII.  and  Fig. 
the  foregoing  Problems.  For  the  fhadow  of  any 
point  in  the  perpendicular,  will  be  fomewhere  in 
the  direction  of  •  the  fhadow,  and  the  direction  of 
the  fhadow  is  the  line  drawn  upon  that  plane  thro' 
the  foot  of  the  light,  and  the  foot  of  the  line.  And 
the  fhadow  of  a  point  in  it  is  in  the, line  drawn  thro' 
the  light  and  that  point,  and  is  therefore  where  it 
interfeds  the  diredtion  of  the  fhadow.  And  if  the 
line  of  fhadow  meet  any  oblique  plane,  *it  may  be 
traced  upon  that  plane,  by  help  of  another  plane 
drawn  perpendicular  to  the  firfl  plane,  as  has  been 
explained  in  Prob.  XVI.  in  regard  to  the  fun. 

P  R  O  B.      XX. 

I'd  reprefent  fuch  ohje^is  as  appear  hy  reflexion  in 
the  water. 

Let  AB  be  the  ground  line,  SD  the  horizontal  66. 
line,  ABEF  a  canal  or  pool  of  water.  GHN  a 
tower  with  a  fpire  upon  it.  Let  LK  be  the  level 
of  the  water  under  the  tower  HI,  make  K^  = 
KH  in  the  perpendicular  Hi>,  then  the  reflexion  of 
the  point  H  by  the  water,  will  be  at  h.  Alfo  let 
NI  be  the  level  of  the  water  jufl  under  the  point 
G  at  the  vane,  make  Ng-  —  NG  in  the  perpendi- 
cular G^,  and  g  will  be  the  reflexion  of  the  point 
G  by  the  water.  And  in  like  manner  meafuring 
the  diflance  from  N  to  the  top  of  the  vane  at  G, 
and  fetting  it  down  in  the  line  N^,  gives  the  reflexion 
of  the  top  of  the  vane  at  i .  If  you  have  a  mind 
to  know  how  much  of  the  tower  HN  appears  in 
the  water,  meafure  the  diftance  from  N  or  I  to  the 
water- fide  at  O,  and  fet  it  for  I  to  P ;  then  the 
part  from  P  to  G  appears  by  reflexion,  the  refl  be- 
low being  incapable  of  being  feen  by  reflexion, 
by  reafon  of  the  interpofed  earth  between  L  and  O. 

Again 
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Fio;.      Again,  if  T  be  a  tree  near  the  water-fide,  and 
66.  the  level  of  the  water  under  the  top  T  be  at  V  ; 
*  then  if  V2  be  made  equal  to  VT,  in  the  perpen- 
dicular T2,  then  2  will  be  the  appearance  of  T 
by  reflexion.     And  thus  meafuring  from  any  part 
of  the  tree,  perpendicularly  to  the  furface  of  the 
water  or  its  level,  and  fetting  that  length  down- 
wards towards  AB,  in  a  perpendicular  line,  from 
that  furface,  it  will  there  give  the  fame  part  of  the 
tree  as  it  appears  by  reflexion.     And  it  will  do  the 
fame  for  any  other  objed,  which  is  high  enough, 
or  near  enough  the  water.     For  all  objedls  feen  by 
reflexion  appear  to  be   turned  upfide  down,  the 
higheft  part  appearing  the  lowefl  in  the  water; 
and  the  lowefl  to  be  the  highefl,  where  they  touch 
at  the   furface.     And  all  this  is  evident  from  the 
known  laws  of  reflexion,  which  is  this,  that  any 
objed  appears  by  reflexion,  to  be  as  far  beyond  the 
refleding  plane,  as  it  really  is  on  this  fide  -,  that  is, 
the  objed  and  its  image  are  equidiflant  from   the 
refleding  furface,  and  on  contrary  fides.     Whence 
if  Nl  be  a  part  of  the  refleding  furface,  then  will 
NG  be  equal  to  N^.     And  if  LK  be  the  refleding 
furface,  then  will  KH  =:  O.     For  the  fame  rea- 
fon  will  TV  —  V2.     As  fome  objeds  may  be  feen 
diredly  which  cannot  be  feen  by  reflexion,  as  the 
part  PK  of  the  tower.     So  fome  others  may  be 
feen  by  reflexion  which  cannot  be  feen  in  a  dired 
line.     Thus  you  may    fee  the   hollow   arch  of  a 
bridge  both  by  reflexion  and  a  dired  view,  if  your 
eye  is  lower  than  the  arch  -,  but  if  your  eye  is  raif- 
ed  higher  than  the  bridge,  you  may  fee  the  top  of 
the  bridge  diredly,  but  not  the  arch,  and  yet  you 
may  fee  the  arch  by  reflexion  •,  for  nothing  hinders 
the  rays  from  the  under  fide,  from  falling  on  the 
water,  and  being  refleded  to  the  eye.     And  thus 
part  of  the  tree  T,  which  is  covered  by  the  other 
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branches,  cannot  be  feen  diredly  \  but  may  appear  Fig. 
by  reflexion  in  the  water.  ^6. 

P  R  O  B.      XXI. 

^0  take  the  perfpe^ive  draught  of  any  place^  as  a 
Country^  City^  a  Harbour  with  Ships,  &c. 

All  the  problems  that  have  been  hitherto  deli- 
vered, are  preparatory  to  the  folution  of  this.  For 
in  a  general  view,  all  forts  of  objeds  offer  them- 
felves,  of  which  fome  lye  upon  the  ground,  fome 
ftand  ered,  and  fome  floaping,  fome  are  ftreight, 
and  fome  crooked,  bodies  fbanding  fome  in  one  po- 
fition  and  fome  in  another ;  of  various  forts  and 
forms,  fome  near  hand,  and  fome  far  oif ;  fome 
with  Ihadows,  and  fome  without.  So  that  a  perfon 
before  he  fets  himfelf  to  drawing  in  a  general  way, 
muft  make  himfelf  acquainted  with  all  the  forego- 
ing problems,  and  have  them  ready  in  pra6lice,  to 
be  applied  as  there  is  occafion.     To  proceed  then, 

Take  a  piece  of  paper  big  enough  for  the  pur- 
pofe,  as  half  a  fheet  or  a  iheet  •,  and  near  the  bot- 
tom draw  a  line  for  the  ground  line  •,  and  above 
that,  at  a  diftance  equal  to  thedefigned  height  of 
the  eye,  draw  another  Ime  parallel  to  it,  for  the 
horizontal  line.    The  height  of  the  eye,  or  the  dif- 
tance of  thefe  lines  fhould  not  be  above  half  the 
height  of  the  pidure,  and  may  be  about  a  third  part 
of  it.     When  the  objeds  are  high  in  the  air,  the 
horizontal  line  muft  be  drawn  nearer  the  ground 
line,  to  make  room  for  the  appearance  of  the  ob- 
je6ts  above.     Then  take  the  point  of  fight  in  the 
middle  of  the  horizontal  line,  or  in  fome  cafes  near 
one  end  of  it ;  and  from  it,  on  one  or  both  fides, 
fet  off  the  points  of  diftance,  equal  to  the  principal 
ray,  or  the  diftance  of  the  eye ;  which  muft  at  leaft 
be  equal  to  the   breadth  of  the  pidure  j  but  it 

ought 


78      .  PERSPECTIVE. 

Fig.  ought  to  be  more,  fo  that  the  pidlure  may  fubtend 
an  angle  at  the  eye,  of  45  or  50  degrees.  The 
principal  ray,  or  diftance  from  the  pidure,  muil  be 
more  than  the  height  of  the  eye,  it  fhould  be  half 
as  much  more,  or  fometimes  even  twice  or  thrice 
as  much  ;  and  efpecially  when  the  point  of  fight  is 
near  one  end ;  and  it  fhould  never  be  lefs  than 
eight  inches,  but  may  be  as  much  more  as  you  will. 
This  being  done,  the  diftances  of  all  the  objects, 
and  their  heights,  mull  be  meafured  (or  at  leaft 
eftimated)  by  fome  given  meafure,  as  miles,  fur- 
longs, yards,  &c.  And  their  fituations,  and  po- 
fitions,  truly  taken ;  all  by  the  fame  fort  of  mea- 
fure. Then  they  are  all  to  be  laid  down  or  planned 
upon  paper,  according  to  their  feveral  places,  fitua- 
tions and  diftances,  to  be  taken  off  fome  fcale  of 
equal  parts  of  a  convenient  bignefs,  as  a  fcale  of 
inches,  &c.  keeping  to  the  fame  fcale  thro'  the 
whole  work.  And  as  the  plan  or  fituation  of  all 
thefe  objedls  is  commonly  made,  by  drawing  them 
all  below  the  ground  line  in  an  inverted  fituation  ; 
yet  this  will  be  better  done  by  drawing  the  plan  in 
a  feparate  paper,  of  the  fame  breadth  as  the  pic- 
ture, and  placing  all  the  objefts  in  their  true  fitua- 
tions. The  reafon  of  drawing  them  on  the  con- 
trary fide  of  the  ground  line,  in  an  inverted  fitua- 
tion, is  to  hinder  them  from  interfering  with  their 
images  in  the  pidure  ;  and  to  preferve  the  true  dif- 
tances of  all  and  every  part^  from  the  ground  line. 
But  this  is  better  done  by  drawing  all  the  objeds 
above  the  ground  line  in  their  true  pofitions  in  a 
feparate  paper ;  and  for  that  reafon  it  is  more  na- 
tural, than  inverting  all  the  objeds,  and  fo  chang- 
ing their  places. 

The  plan  of  the  work  being  laid  down,  it  muft 
be  drawn  in  perfpe6tive  in  the  pidure,  according  to 
the  former  rules,  one  part  after  another  till  the 
whole  is  inferted.     And  if  any   of  the  parts   be 

much 
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much   compounded,  and   requires   a  great  many  Fig, 
lines ;  it  will  be  better  to  do  fuch  part  in  a  feparate 
paper,  and  then  transfer  it  to  the  picture.     It  will 
be  proper  to  do  this  as  often  as  there  are  any  dif- 
ficult parts  to  be  laid  down. 

When  any  buildings,  or  bodies  elevated  in  the 
air,  happen  to  be  in  the  view,  as  few  are  without ; 
it  will  often  be  neceflary  to  take  the  front  view  and 
the  profile  thereof  by  the  fame  meafure  as  the  refl ; 
and  then  lay  them  down  upon  paper  by  the  fame 
fcale.  And  from  this  draught,  they  mufl  be 
drawn  in  perfpedive  by  the  rules  of  drawing  fo- 
lids.  And  here  alfo  they  may  be  laid  down  on  fe- 
parate papers  when  they  require  many  lines  •,  and 
at  laft  transferred  to  the  pidture  ;  and  thus  the  pic- 
ture will  be  kept  clean  and  neat. 

In  the  pradice  of  all  this,  one  mufl  remember 
that  all  flreight  lines  are  reprefented  by  flreight 
lines  in  the  pidure  •,  and  fuch  as  are  parallel  to  the 
ground  line,  on  the  earth,  will  be  parallel  to  the 
ground  line  ;  and  thofe  perpendicular  to  the  earth, 
will  be  perpendicular  to  the  ground  line ;  and  all 
lines  perpendicular  to  the  pidure,  tend  to  the  point 
of  Sight.  Likewife  all  lines  parallel  to  the  bafe  or 
the  ground,  have  their  accidental  points  in  the  ho- 
rizontal line.  And  lines  parallel  to  the  vertical 
plane,  have  their  accidental  point  in  the  vertical  line. 

Such  objedls  as  ftand  on  your  right  Hand,  mufl 
be  placed  on  the  right  hand  of  the  vertical  line  ; 
and  thofe  on  the  left,  mufl  be  on  the  left  hand  5  and 
thofe  before,  in  the  middle  of  the  pidlure.  And 
thofe  far  off,  high  up  in  the  picture.  And  obje6ls 
that  are  higher  than  the  eye,  mufl  be  raifed  above 
the  horizontal  line. 

In  defcribing  objedls  at  a  great  diilance,  their  al- 
titudes mud  be  diminifhed  in  proportion  to  the  dif- 
tance.  And  therefore  a  fcale  mufl  be  made  (by 
Prob.XIII.)  for  every  altitude  concerned,  which  will 

fhew 
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Ficr,  fliew  the  altitude  diminifhed  in  every  place  of  th^ 
^  pi6ture.  And  here  the  profile  muft  be  made  ufe 
of,  when  different  heights  are  concerned.  And  thefe 
heights  taken  from  the  fcale,  mufl  be  raifed  upon 
their  proper  bafes  in  the  pidure,  the  tops  of  which 
joined  by  right  lines,  give  the  boundaries  of  the  bo- 
dies, and  then  thefe  bodies  may  be  finifhed,  and 
duly  fhadowed.  When  this  is  done,  in  refpe6t  to 
all  the  objeds  that  are  to  appear  in  the  draught, 
then  your  view  is  finifhed,  as  far  as  depends  on  the 
rules  of  geometry  and  perfpedive.  When  all  is 
done,  the  ground  line,  horizontal  line,  and  other 
lines  not  belonging  to  the  profped  muil  be  rubbed 
out  •,  and  to  make  the  draught  complete,  it  ought 
to  be  coloured,  every  objed  with  its  proper  colour. 

When  objeds  are  feen  by  reflexion  in  v/ater,  they 
muft  be  drawn  according  to  the  rules  laid  down  for 
that  purpofe  ;  and  then  coloured  of  the  fame  colour 
as  the  objeds  themfelves,  but  a  great  deal  fainter, 
by  reafon  of  the  lofs  of  light,  by  refledion  at  the 
furface  of  the  water. 

Likewifc  the  colours  of  all  objcds  ought  to  be  fo 
much  fainter  as  the  diftance  is  greater  ^  till  at  laft 
they  vanifh  in  a  blueifh  mift. 

Every  one  that  would  be  a  praditioner  in  the  art 
'  of  drawing,  muft  furnifh  himfelf  with  a  drawing 
board  and  a  Tee.  This  board  or  table  muft  be 
right-angled  at  all  the  corners,  and  as  big  as  to  con- 
tain a  fheet  of  paper,  and  made  fmooth  and  flat. 
The  tee  (called  fo  from  its  fhapej  is  made  after  the 
manner  of  the  carpenters  fquare,  with  the  head 
thicker  than  the  tong,  and  muft  be  made  exadly 
fquare.  Then  a  paper  being  pafted  to  the  board 
at  the  four  corners,  it  is  ready  to  draw  upon  •,  and 
when  you  want  to  draw  parallel  or  perpendicular 
lines,  apply  the  head  of  the  tee  to  one  or  other  of 
the  edges  of  the  board,  and  then  draw  by  the  fide 
of  the  tongue  j  and  thus  you  may  foon  draw  as 

many 
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many  parallels  or  perpendiculars  as  you  pleafe^  with- t'ig* 
out  any  trouble. 

Exampk  Ii 

ACEB  is  a  building,  whofe  roof  is  fupported  by  g^; 
pillars-,  AB  is  the  ground  line^  SE  the  horizontal 
line,  S  the  point  of  fight,  and  the  point  of  diftance 
is  far  out  of  the  pifture.     Here  the  breadth  of  the 
houfe  is  AB,  and  the  height  of  the  eye  is  SD  or 
EB.  The  floor  here  is  laid  with  fquares,  alternately 
black  and  white,  they  lye  in  rows  that  run  towards 
the  point  of  fight,  and  the  other  fides  are  parallel 
to  the  ground  line  AB.     Fj  F^  &c.  are  two  rows 
©f  pillars,    one  on  each  fide,  thefe  are  placed  at 
equal  diftahces,    and   range  diredly  towards  the 
point  of  fight.     G  is  the  further  end  of  the  build- 
ing, being  a  perpendicular  wall  of  free  ftone  ^  at 
that  end  of  the  houfe  are  four  lamps  or  tapers  H* 
placed  to  give  light  over  the  room.     Between  the 
pillars  F,  F,  and  the  fides  of  the  building,  are  two 
walks  laid  with  the  fame  fort  of  fquares.     In  the 
two  fides  of  the  room  AC^  BC^  are  two  large  win- 
dows I,  1 5  thefe  have  each  of  them  three  lights* 
with  iron  ftainlhals  down  the  middle,  and  iron  bardi 
acrofs,  to  keep  the  jaums  faft.     K,  K,  are  afchea 
carried  over  the  building  from  the  top  of  one  pil-^ 
lar  to  that  of  another,  all  manner  of  ways  -,  upon 
thefe  the  roof  is  built.     C,  C,  &c.  is  the  roof,  the 
two  wings  on  each  fide  lye  upon  the  arches  L,  L^ 
and  on  others  beyond  them.     The  higher  part  of 
the  roof  C,  C,  Hands  upon  the  main  arches.     On 
the  very  top  at  the  end  of  the  roof,  is  placed  a  , 
vane,  to  Ihew  the  wind.     Before  the  entrance  is  a 
gravel  walk  DM,  and  a  roller  O  to  roll  it  with. 
On  each  fide  of  it  are  three  rovv^s  of  trees^  which 
tend  to  the  point  of  fight,     Along  AB  is  alfo  ario* 
ther  gravel  walk. 
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Fig. 

^£  Example  2. 

Let  SD  be  the  horizontal  line,  S  the  point  of  fight^ 
D  the  point  of  diilance,  AB  the  ground  line ;  C  is  a 
houfe  on  the  left  hand,  whofe  profile  runs  up  to  the 
point  of  fight  S  ;  in  this  profile  you  may  fee  the  v^in- 
dows  which  are  all  perpendicular  to  the  ground  line  ; 
from  the  end  of  it  runs  a  wall  E  ^  which  is  perpen- 
dicular to  the  pidure,  and  therefore  it  alfo  tends  to 
the  point  of  fight.  At  the  end  of  the  wall  is  ano- 
ther houfe,  which  Hands  in  the  fame  pofition.  Be- 
yond at  F  upon  an  afcent,  is  a  houfe  Handing  in  a 
wood  among  a  deal  of  trees  ;  and  at  fome  diftance 
from  this  is  another  houfe  G  upon  a  hill,  with  a 
garden  walled  in,  before  it;  and  near  it  is  the  fummer 
houfe  H,  and  beyond  thefe  is  the  country,  rifinghigh, 
and  covered  with  bufhes  at  I,  L  On  the  ground 
line  at  K  is  a  garden  inclofed  with  a  wall,  in  this 
are  feveral  beds  with  flowers,  and  fome  with  fruit 
trees  ;  being  all  perpendicular  to  the  pi6lure,  tend 
to  the  point  of  fight  S.  Adjoining  to  the  garden 
is  a  church  L  with  a  tower  indented  at  the  top ; 
this  has  its  forefide  parallel  to  the  ground  line ;  and 
the  ends  being  perpendicular  to  the  picture,  run  to- 
wards the  point  of  fight.  Behind  the  church  is  a 
houfe  M,  with  its  front  parallel  to  the  pidure ; 
■  this  joins  upon  a  garden  N,  with  trees,  herbs  and 
flowers.  On  the  other  hand  is  the  houfe  O,  fliaa-' 
ding  crofs  the  former,  or  with  its  face  perpendicu- 
lar to  the  pidure,  and  therefore,  it  tends  to  the 
point  of  fight  S.  Behind  thefe  houfes  is  another 
large  church  P,  with  a  tower  and  a  fpire  upon  it, 
on  the  top  of  which  is  a  weather  cock,  to  fiiew  the 
wind;  this  fiands  fronting  the  pidure.  Behind 
this  church  is  another  houfe  or  two  Q,  fiianding  in 
the  fame  pofition,  and  having  a  chimney  fmoaking, 
as  likewiie  have  feveral  of  the  reft.  R  is  an  arti- 
ficial fountain,    where  the  afcending  water  plays, 

and 
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and  then  falls  into  the  bafon  below.  T  feveral  in-  Fig* 
clofures,  and  fmall  fields.  V  feveral  rows  of  trees. 
W  an  obelifk  in  a  walk  between  fome  grafs  plats. 
X  feveral  fowls  flying  in  the  ain  Y  a  windmill 
on  the  top  of  the  hill.  Z  the  clouds  hanging  in 
the  atmofphere. 

Scholium. 

From  what  has  been  laid  down  before,  concern- 
ing the  nature  of  perfpe6live  -,  the  following  obfer- 
vations  may  be  drawn. 

All  horizontal  planes  feated  above  the  eye,  feem  to 
fink  downwards,  more  and  more,  the  further  they  are 
produced;  till  being  infinitely  produced,  they  at  lait 
become  level  with  the  eye.  Likewife  fuch  planes  as 
are  below  the  eye,  feem  continually  to  rife  upward, 
the  further  they  go.  Alfo  thofe  on  the  right  hand  ap- 
proach to  the  left ;  and  thofe  on  the  left,  towards  the 
right.  Therefore  floors  and  pavements  of  buildings^ 
when  continued  to  a  great  length,  feem  to  a  fpetSa- 
tor  to  rife  upwards  ;  and  the  roofs  and  cielings  of 
buildings,  appear  gradually  to  defcend,  and  there- 
fore the  longer  fuch  roofs  are,  the  higher  they 
lliould  be  made ;  to  prevent  their  appearing  too 
near  the  ground  at  a  great  diftance. 

All  rows  of  columns,  or  of  trees ;  and  thofe  of 
walls  or  the  fides  of  buildings,  feem  to  the  eye  of 
the  fpedator  to  contradt  themfelves,    the   further 
they  run ;  and  continually  grow  narrower.     And 
therefore  the  breadth  thereof  lliould  be  greater, 
where  the  length  is  greater ;  that  their  appearance 
to  the  eye  may  be  the  more  delightful.     And  thus 
the  capitals  of  pillars  feem  to  incline  downwards, 
and  their  pedefbals  to  rife  upwards.     The  horizon 
feems  continually  to  rife  from  the  eye,  and  at  laft 
to  appear  higher  than  it  really  is.     But  if  a  row  of 
columns,  perpendicular  to  the  horizon,  and  of  e- 
qual  height,  be  lower  than  the  eye  ;  the  tops  of 
G  2  therpi 
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Fig.  them  feem  continually  to  rife  as  well  as  the  bot- 
toms;  and  thofe  furtheft  off  would  appear  the 
higheft.  But  the  contrary  happens  if  they  are  above 
the  eye^  for  then  the  furtheft  would  appear  the 
loweft.  Thus  the  furface  of  the  fea  feems  con- 
tinually to  rife,  and  at  laft  to  be  higher  than  the 
eye.  Hence  alfo  a  plane  furface  continued  to  a 
great  diftance  will  appear  hollow.  Statues  and 
images  raifed  on  high,  will  appear  only  in  their 
true  proportion  at  a  certain  height ;  and  at  other 
heights  will  appear  more  or  lefs  deformed  or  out 
of  proportion.  A  nd  therefore  the  optical  appearance 
of  any  objedt,  in  any  place,  muft  be  confidered. 

From  the  tedioufnefs  of  drawing  a  perfpedtive 
view  throughout,  by  geometrical  rules,  as  has  been 
now  taught  -,  no  body  ever  puts  it  in  pradlice.  But 
inftead  of  that,  they  make  ufe  of  a  mechanical  me- 
thod of  doing  it,  which  is  this  ;  they  take  a  fquare 
box,  with  a  hole  in  the  top  facing  the  object,  in 
which  is  placed  a  convex  lens ;  and  behind  that, 
within  the  box  is  a  refie6tor.  This  box  being  placed 
fo  as  to  face  the  country  v/hofe  draught  is  to  be  ta- 
ken, the  rays  of  light  flowing  from  all  the  objedls, 
enter  the  convex  glafs,  and  are  refleded  downwards 
by  the  refledor,  which  is  placed  obliquely  ;  and  fo 
•they  paint  upon  a  white  paper  laid  at  the  bottom 
of  the  box,  the  images  of  all  thefe  external  objedls, 
very  diftindtly  if  the  convex  lens  be  at  its  true  dif- 
tance ;  if  not,  the  lens  muft  be  moved  in  or  out, 
till  the  images  arediftind.  Then  the  draughts  man, 
putting  his-.head  \^ithin  the  box,  has  nothing  to  do, 
but  run  oyier  all  the  out-iines  of  the  feveral  objeds 
with  a  pencil  -,  ail  which  being  done,  they  m.ay  be 
finifhed  afterwards.     Such  a  box  for  taking  a  per- 
fpective  view  mechanically  you  have  defcribed  to  you 
in  Prob.  24.  Book  IV.  of  the  Optics.  For  it  would 
he  an  endlefs  taflc  to  go  through  all  the  particulars 
m  fuch  a  draught,  by  the  comji^on  rules  of  Per- 

-^edive  j 
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fpedive  ;  not  only  for  the  number  of  lines  it  would  Fig. 
require,  but  for  the  great  length  of  time  requifite 
for  fuch  a  work..    And  yet  thefe  rules  are  the  eafiefl 
that  can  be  contrived,  where  the  pidure  is  fup- 
pofed  perpendicular  to  the  horizon.     For  if  the 
pidiure  was  oblique,  the  labour  would  be  far  more^ 
to  draw  the  objedls  in  fuch  a  pofition ;  and  new 
rules  are  neceffary  to  work  by,  and  the  objeds  when^ 
drawn  make  no  better  appearance  than  in  the  com- 
mon way  ;  and  therefore  no  body  would  ever  fol- 
low the  pra6lice  upon  oblique  tables,  and  confe- 
quently  they  are  of  no  ufe,  but  merely  for  curio- 
fity  ;  and  to  fhew  what  can  be  done  by  art.  There- 
fore the  common  method  is  the  mofr  ufeful,  and  its 
principal  ufe,    is  that  of  drawing  fingle  obje6ts, 
which  require  to  be  done  very  exadly  •,  and  to  ini- 
tiate the  drawing  by  hand,  which  is  by  far  the  moil 
ufeful  and  expeditious  method.     Hence  no  land- 
fkips  or  views  of  countries  are  ever  drawn  by  the 
method  of  perfpedive,    but  by  fuch  mechanical 
contrivances^  as  we  have  fhewn  -,  and  that  for  the 
fake  of  expedition.    And  this  method  is  very  exad 
too  ;  for  the  images  are  diftindly  reprefented  on 
the  paper,  and  in  their  true  proportions,  as  they 
appear ;  and  the  drawing  them  truly,  depends  on 
the  fteady  hand  of  the  drawer. 

I  muft  obferve,  that  when  any  view  or  landllcip 
is  to  be  drawn  in  a  publick  place,  as  in  a  garden, 
on  the  fcenes  in  a  playhoufe,  or  the  walls  of  a  large 
room  ;  the  point  of  light  is  not  to  be  taken  in  the: 
air,  where  people  cannot  come.  But  it  ought  to 
be  taken  where  moft  people  refort,  and  ftand  or  fit 
to  look  at  it.  For  then  it  will  appear  to  the  beft 
advantage  and  moft  natural.  But  if  the  point  of 
fight  is  taken  in  a  different  place,  the  profped  will 
,  appear  unnatural  and  deformed ;  as  may  be  ga-- 
thered  from  Cor.  2.  Prop.  XII. 

G  ^  ^  P  R  O  H. 
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Fig. 
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By  the  inverfe  method  of  perfpe5live^  having  a  point 
given  in  the  fixture ;  to  find  its  original  in  the  geome- 
trical plane. 

In  what  goes  before,  we  have  treated  only  about 
the  dired  method  of  perfpedive,  or  the  finding 
the  place  of  any  objedt  in  the  picture,  having  its 
fituation  on  the  geometrical  plane  given.  We 
fliall  here  add  a  few  propofitions  about  the  inverfe 
method,  Vv'hich  is  finding  the  oi;iginal,  from  having 
its  appearance  in  the  picture.  As  the  place  in  the 
pidure  is  found  from  having  that  in  the  geome- 
trical plane,  fo  by  v/orking  backv/ard,  its  place  in 
the  geometrical  plane  is  eafily  foupd  from  having 
that  in  the  pidure. 
69.  l,et  N  be  the  point  given  in  the  pidure.  From 
the  given  point  N  and  th?  point  of  fight,  draw  the 
line  SE  to  cut  the  ground  line  CB  in  E.  Alfo 
from  the  point  of  diftance  D,  thro'  the  fame  point 
N,  draw  the  line  DC,  cutting  the  ground  line  in 
C  ;  then  CE  is  the  diilance  of  the  point,  in  the 
geometrical  plane,  from  the  ground  line.  And 
therefore  if  ^n  be  made  perpendicular  to  AB,  and 
equal  to  EC,  n  will  be  the  point  fought,  but  on 
the  contrary  fide  of  the  ground  line. 

For  if  7t  was  given,  its  reprefentation  at  N  is 
found  by  drawing  lines  from  S  to  E,  and  from  D 
to  C,  to  interfed  in  N,  EC  being  made  equal 
to  li;^.  Therefore  by  the  reverfe  operation,  n  is 
truely  found. 

P  R  O  B.     XXIII. 


f.  Having  an  ohjeB  given  in  the  pi^ure^, 

real  height^  on  the  geometrical  plane. 


to  find  its 


Let  OP  be  the  objed  given  ;  find  the  fituation 
F,  of  the  foot  O,  by  the  laft  Prob.     And  thro'  F 

draw 
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draw  FT  perpendicular  to  AB,  and  from  the  point  Fig. 
of  fight  S  draw  SP  thro'  the  top  of  it,  cutting  the  69. 
perpendicular  FI  in  I.     Then  FI  is  the  real  height 
of  the  objedl  upon  the  geometrical  plane,     tor  if 
FI  be  the  real  height,  OP  will  be  found  to  be  the 
apparent  height  in  the  picture,  by  Frob.  XI. 

Cor.  In  like  manner^  if  OR  be  a  line  in  the  geo- 
metrical plane^  parallel  to  the  ground  line ;  then  if 
SO,  SR  he  drawn  to  cut  the  ground  line  in  F  and^ 
G  i  then.  FG  is  the  real  length  (?/  OR. 

P  R  O  B.     XXIV. 

Any  oUiqiie  line  in  the  pi5lur»e  being  given ;  to  find 
its  original  in  the  geometrical  plane. 

Let  OP  be  the  given  line  in  the  pi6lure.     Find  "]o^ 
the  fituation  of  the  point  P    at  F,  and  then   its 
place  p  upon  the  geometrical  plane,  by  Prob.  XXII. 
Then  produce  PO  to  cut  the  ground  line  in  E,  and 
draw  /)E,  which  will  be  the  original  of  PE. 

Likewife  find  the  original  of  the  point  O,  which 
will  be  at  £? ;  then  po  will  be  the  original  of  the 
line  PO,  but  inverted. 

This  is  evident  from  the  contrary  procefs  of 
finding  the  reprefentation  PO,  from  having  the 
original  po. 

Cor.  I .  Hence  the  original  of  any  plane  figure  given: 
in  the  pi5lure^  may  he  fomid.  For  it  is  but  finding 
the  originals  of  all  the  lines ^  that  inclofe  the  figure  j 
and  then  you  II  have  the  original  figure. 

Cor.  2 .  And  thus  a  folid  being  given  in  the  pic- 
ture^ its  original  may  he  fomid^  but  with  more  la- 
hour.  For  all  the  hafe  lines,,  and  all  the  perpendicu- 
lars will  he  found  as  before  •,  and  thence  all  the  fur- 
faces  that  inclofe  it^  and  confeqiiently  the  whole  folid ^ 
G  4  Cor. 
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J'lcr.      Cor.  3.  Hencs  the  original  of  any  an^le  may    he 
70.  founds  by  finding   the   original  lines   that  form  ths 
angle, 

P  R  O  B.     XXV, 

*fwo  or  more  lines  being  given  in  the  pi^ure^  whofe 
originals  are  perpendicular  to  it ,  and  having  the  real 
length  of  any  fuch  bafe  lifie  j  to  find  the  points  of 
fight  and  dijtance. 


I. 


Let  AB  be  the  ground  line  of  the  pidlure,  AEG 
a  houfe,  and  BHM  a  wall ;  both  the  originals  be- 
ing perpendicular  to  the  ground  line  AB.  Produce 
any  two  fides,  as  AE,  IK,  BM,  HL,  which  are 
perpendicular  to  the  ground  line  in  the  geometri- 
cal plane  -,  till  they  interfedt,  as  AE  andBM,  which 
interfed  in  S,  then  S  is  the  point  of  fight. 

Again  draw  SD  parallel  to  AB,  and  fet  the  real 
length  of  the  bafe  line  BF  (^ which  tends  to  the 
point  of  fight)  from  its  fituation  B  to  C  in  the 
ground  line  j  and  thro'  C  and  F  draw  the  line  CF 
cutting  SD  in  D  •,  then  is  D  the  point  of  diftance ; 
and  SD  the  horizontal  line  •,  and  the  length  of  SD 
is  the  principal  ray,  or  the  diftance  of  the  eye  from 
the  pifture. 

For  (by  Cor.  2.  Prop.  IV.)  the  lines  AE  and 
BM  tend  to  the  point  of  fight  at  S.  And  there- 
fore the  point  of  diftance  is  fomewhere  in  the  line 
SD  drawn  parallel  to  AB,  which  is  the  horizontal 
line.  But  if  BC  be  the  diftance  of  a  point  from 
the  ground  line,  and  D  the  point  of  diftance,  and 
DB  °and  DC  be  drawn  to  interfed  in  F,  then  F 
will  be  the  image  of  that  objed.  Therefore  on 
the  contrary,  when  CF  is  dr?.wn  thro'  the  image  at 
F,  it  will  go  thro'  the  point  of  diftance  D. 

Cor.  I .  Hence ^  in  any  perfpe^ive  draughty  having 
fhe  horizontal  line  given  -,  its  center^  or  the  point  of 
fight  may  he  found. 

For 
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For  produce  any  line  whofe   original  is  perpen-  Fig. 
dicular  to  the  pi6ture,  till  it  cuts  the  horizontal  line,  71, 
and  there  is  the  point  of  fight.     Or  if  there  is  no 
horizontal  line,  produce  two  fuch  lines  till  they  cut 
one  another.  ' 

Cor.  2.  But  the  dijlance  of  the  pi^ure^  or  the  prin- 
cipal ray^  cannot  be  found,  unlefs  the  real  difiance  of 
fome  point  or  ohje5l  (from  the  ground  line)  he  known. 

For  we  only  know,  that  the  eye  is  fomewhere  in 
the  perpendicular,  raifed  upon  the  point  of  fight. 
But  if  a  real  difiance  be  known,  the  dillance  of 
the  eye  will  then  be  known,  as  laid  down  before. 

Cor.  3.  If  in  any  draughty  it  he  known  that  feve- 
ral  original  lines  are  parallel^  in  the  geometrical  plane. 
'Then  their  accidental  pointy  and  the  horizontal  line 
may  he  found. 

Produce  two  of  thefe  lines  till  they  interfedl,  and 
the  point  of  interfe6tion  is  their  accidental  point ; 
and  that  point  is  in  the  horizontal  line.  Therefore 
thro'  that  point,  draw  a  parallel  to  the  ground  line, 
^nd  that  is  the  horizontal  line, 

P  R  O  B.     XXVI. 

Having  the  angle  which  any  original  ohje5i  fuh- 
tends  at  the  eye^  and  alfo  its  image  ;  to  find  the  point 
of  dijlance,  or  the  point  of  view  in  the  air. 

Make  the  angle  CEF  upon  the  horizontal  line,  72, 
equal  to  the  angle  which  the  original  objedl  fub- 
tends  at  the  eye.  Let  OP  be  the  image  of  it  in 
the  pidlure.  Make  CF  —  OP,  and  place  CF  in 
the  fame  pofition  to  EC,  as  the  image  has  to  the 
vifual  ray  paffing  thro'  O.  Then  CE  is  the  dif- 
tance  of  the  eye  from  the  point  O  in  the  picture. 
When  that  dillance  is  had,  ere6l  a  perpendicular 
at  S  the  point  of  fight  (found  before),  which  mud 

ftand 
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Fig.  fland  upyight  upon  the  plane  of  the  pidure ;  then 
72.  the  diftance  EC  fet  from  O,  will  interfe6l  that  per- 
pendicular in  the  point  of  view.  Then  the  dif- 
tance between  the  point  of  view  and  point  of  fight, 
or  the  principal  ray,  fet  from  S  to  D,  gives  the 
point  of  diftance  D. 

Having  faid  fomething  before  of  inclined  pic- 
tures, I  Ihall  add  a  little  more  here  ;  more  out  of 
curioiity,  than  any  real  ufe  they  are  of. 

P  R  O  B.     XXVII. 

5ls?  draw  ohjeBs  in  perfpe5live  upon  an  inclined  pic- 
ture, 

I  have  Ihewn  in  Prop.  XXIII.  that  the  rules  for 
drawing  upon  inclined  pidlures  are  the  fame  as 
thofe  for  upright  ones  ;  taking  here  a  line  parallel 
to  the  vertical  line,  inftead  of  the  height  of  the  eye, 
in  the  upright  pi6ture ;  and  taking  lines  ftanding 
oi>  the  geometrical  plane,  parallel  to  the  vertical 
line,  inftead  of  perpendiculars.  I  fay  lines  in  this 
pofition,  and  lines  parallel  to  the  ground  line, 
will  be  drawn  by  the  very  fame  rules.  Therefore 
in  thefe  cafes,  you  muft  work  by  Prob.  VI.  VII. 
VIII.  and  Prob.  XI.  for  altitudes.  And  when 
perpendiculars  are  given  upon  the  geometrical  plane, 
you  muft  firft  draw  lines  from  their  tops  parallel  to 
the  vertical  line,  to  cut  the  geometrical  plane,  and 
there  you  have  their  bafes  ♦,  and  then  finding  the 
images  of  one  of  thefe  bafes,  you  muft  draw  an 
oblique  line  obfcure.  Then  find  the  image  of  the 
foot  of  the  perpendicular  itfelf,  and  joining  this 
laft  image,  and  the  top  of  the  former  obfcure  line^ 
by  a  right  line,  you'll  have  the  image  of  that  per- 
pendicular upon  the  inclined  plane  ;  and  fo  of  all 
the  reft  of  the  perpendiculars.  By  this  means 
planes  may  be  drawn,  and  folids  perpendicular  up- 
on 
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on  the  horizon  or  geometrical  plane.  And  any  Fig. 
other  fort  of  oblique  lines  may  be  drawn,  by  a  like 
method,  firft  drawing  a  flant  line  parallel  to  the 
vertical  line  ;  then  you  have  two  lines  meeting  at 
the  top,  or  whofe  top  is  common  to  both ;  find 
the  images  of  both  the  bafes  or  feet,  and  the  alti- 
titude  of  the  faid  flant  line,  then  join  the  top  and 
the  proper  bafe  belonging  to  that  line,  fee  Cor. 
Prop.  XXI. 

But  the  befl  way  is,  firfl  to  draw  the  profile  of 
the  pidure,  and  the  principal  lines  belonging  to  it;     ^ 
and  find  the  accidental  point  of  lines  perpendicu- 
lar to  the  horizon  j  or  of  any  other  lines,  which 
are  to  be  drawn  in  perfpetftive.     Thus, 

Let  SH  be  the  pi6ture,  E  the  place  of  the  eye,  73. 
or  the  point,  of  view.  Draw  ES  and  AH  parallel 
to  the  horizon,  draw  EC  perpendicular  to  AH,  to 
cut  SH  produced  in  F,  then  (by  Def.  17.)  F  is  the 
accidental  point  of  all  lines  parallel  to  EC,  or  per- 
pendicular to  the  horizon.  Alfo  draw  EA  parallel 
to  SH  ;  and  then  EA  is  to  be  taken  for  the  height 
of  the  eye,  ES  the  principal  ray,  AH  the  line  of 
ftation,  and  SH  the  picture.  Then  in  order  to  draw 
upon  fuch  a  pidlure,  (in  Fig.  74.)  draw  SD  for  the  74. 
horizontal  line,  and  make  SD  equal  to  SE,  and  D 
is  the  point  of  diftance.  Draw  SH  perpendicular 
to  SD,  and  equal  to  SH  (fig.  73.)  for  the  vertical 
line  i  and  draw  AHB  parallel  to  SD  for  the  ground 
line;  or  this  may  be  drawn  firfl,  if  you  will  ;  alfo 
make  HF  equal  to  HF  (fig.  ^q,\  and  F  will  be  the 
accidental  point  of  all  lines  perpendicular  to  the 
horizon.  Thus  all  the  requifites  are  transferred  from 
%•  73-  ^^  ^g-  74-  which  done,  the  operations  are 
to  be  performed  as  before- mentioned.  Examples 
will  explain  the  thing. 

Ey;,  I. 

To  find  the  image  of  a  given  point   P.     Let  74, 
fall  PI  perpendicular  to  AB,  and  fet  PI  from  I  to 

A. 
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Ficr.  A.  Then  draw  SI  from  the  point  of  fight  S,  and 
74.  DA  from  the  point  of  diftance  D  ;  and  where  they 
interfedl  at^,  is  the  image  of  P.  This  is  juft  the 
fame  procefs  as  in  the  upright  picture.    . 

Ex,  2. 

To  find  the  image  of  a  right  line,  parallel  ta 
the  ground  line. 

Let  PQ^  be  the  line  given ;  from  P  and  Q^let 
fall  perpendiculars  upon  the  ground  line  AB,  to  in- 
terfedt  it  at  I  and  K.  From  I  and  K  draw  lines  to 
the  point  of  fight,  IS,  KS.  Set  I?  from  I  to  A, 
and  draw  AD  to  the  point  of  diftance  D,  to  inter- 
fed  IS  in  p.  Draw  pq  parallel  to  AB^  cutting  KS 
in  q-y  then  pq  is  the  image  of  PQ,  Or  find  the 
point  q  the  reprefentatipn  of  Q>  as  j?  was  foundj 
and  draw  p^. 

Ex,  ^.   .    - 

^0  find  the  image  of  any  line  in  the  geometrical 
plane. 

Let  PL  be  the  line  given.  Find  p  the  image  of 
P,  one  end  of  the  line  as  in  the  firft  example.  And 
likewife  /  the  image  of  L  the  other  end  of  the 
line,  the  fame  way  •,  then  draw  pl^  which  will  be  the 
reprefentation  of  PL,  as  required, 

Ex.  4. 

To  find  the  Image  of  a  plane  figure  given  in  the 
geometrical  plane,  on  an  inclined  pidure.  Let 
PQLR  be  a  fquare,  whofe  two  oppofite  fides  are 
parallel  to  the  ground  line  AB.  Find  the  repre- 
fentations  of  all  the  points  P,  Q,  L,  R  ;  at^,  q^  /,  r; 
and  draw  the  lines  pq^  ql,  Ir^  rp  ;  then  pqlr  is  the 
image  of  the  fquare  PQLR, 

Or  thus^  let  fall  perpendiculars  from  all  the  an- 
gles upon  the  ground  line  AB,  to  interfed:  it  at  I 
and  K ;  draw  IS,  KS  to  the  point  of  fight  S.     Stt 

of? 
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off  IR  from  I  towards  A,  from  which  point  draw  Fig.. 
a  line  to  the  point  of  diftance  D,  interfeding  IS  in  74. 
r.  Alfo  fet  off  IP  from  I  toward  A,  and  from 
that  point  draw  a  line  likewife  to  the  point  of 
diftance  D,  to  interfedt  IS  in  p.  From  r  and  p 
draw  two  lines  parallel  to  AB,  as  r/,  pq^  interfer- 
ing KS  in  /and  q  ;  then  pqlr  is  the  reprefentation 
of  the  fquare  PQLR,  whofe  two  fides  are  parallel 
to  the  ground  line  AB. 

Ex.  5. 

To  draw  the  image  of  a  iine  parallel  to  the  ver-  y^. 
tical  line  of  the  inclined  pidure.  Let  SD  be  the 
horizontal  line,  AB  the  ground  line,  S  the  point  of 
fight,  D  the  point  of  diftance,  as  before ;  and  let 
P  be  the  foot  of  the  line  in  the  geometrical  plane. 
Draw  PI  perpendicular  to  AB,  make  IL  —  PI. 
Then  draw  SI,  LD  to  interfefl  in  p  the  image  of 
P,  the  foot  of  the  line.  Make  lA  equal  to  the 
length  of  the  line,  which  ftands  noi  perpendicular 
but  floping  •,  draw  AS,  and  from  p,  draw  ^G  pa- 
rallel to  AI,  cutting  AS  in  G.  Draw  pg  parallel 
to  SH,  and  equal  to  ^G,  then  pg  is  the  image  of 
the  line  given. 

If  the  line  had  ftood  in  the  ground  line  at  I,  you 
had  no  more  to  do,  but  to  draw  a  line  from  I  pa- 
rallel to  SH,  and  equal  to  lA,  the  length  of  the 
line  propofed. 

Ex.  6. 

To  find  the  reprefentation  of  a  line  perpendicu- 
lar to  the  horizon.  Let  Q^be  the  foot  of  the  per- 
pendicular upon  the  geometrical  plane,  and  CN  its 
height.  Find  the  image  of  Q,  by  Ex.  i.  which 
will  be  at  q.  The  picture  being  in  the  pofitiori 
SFI,  fig.  73.  From  the  top  of  the  line  C,  draw 
CM  parallel  to  the  vertical  line,  then  MCN  will 
be  the  profile  of  the  lines  CN,  CM.  Therefore 
make  QO  zz  NM,  and  O  will  be  the  fituation  of 

M 


p4  PERSPECTIVE. 

pig.  M  upon  the  geometrical  plane.  Then  find  the 
^r.  image  of  O,  which  will  be  at  o,  Alfo  find  the 
image  of  MC  whofe  foot  is  at  o^  by  Ex.  5,  this  will 
be  oCy  which  is  drawn  parallel  to  SH,  and  equal  in 
reprefentation  to  MC.  Laftly,  draw  c({y  and  that 
will  'be  the  reprefentation  of  the  perpendicular  CN, 
Itanding  at  Q.  whofe  image  is  q.. 

For  fince  CM  is  drawn  parallel  to  the  vertical 
line,  the  line  NM  is  perpendicular  to  the  ground 
line  or  bafe  of  the  pi6ture  ;  therefore  the  triangle 
CMN  is  the  profile  of  the  flant  line,  the  perpendi- 
cular line,  and  the  bafe.  And  fince  N  is  at  Q,  M 
will  be  nearer  the  pidure  as  at  O  •,  therefore  ^  is  the 
reprefentation  of  Q  or  N,  and  0  is  the  reprefenta- 
tion of  O  or  M  j  and  oc  being  the  reprefentation 
of  MC,  therefore  the  triangle  oc(i  is  the  reprefenta- 
tion of  the  triangle  MCN  j  and  r^  is  the  reprefen- 
tation of  CN. 

Otherwife, 
Find  the  accidental  point  F  of  lines  perpendicular 
to  the  geometrical  plane,  as  directed  before.  Alfo 
find  g  the  reprefentation  of  Q^  the  foot  of  the  per- 
pendicular as  before.  Thro'  F  draw  ^^  for  the  in- 
definite perpendicular  (landing  at  ^,  which  muft  be 
terminated  thus  -,  draw  the  flant  line  MC  as  before, 
and  fet  its  length  from  K  to  T  in  the  perpendicular 
KV  ;  then  draw  ST  which  will  cut  qc  in  c,  the  top 
of  the  perpendicular  line  required. 

For  the  images  of  all  Hnes  perpendicular  to  the 
horizon  tend  to  the  accidental  point  F  •,  and  the 
image  of  N  or  Q^is  at  q.  Draw  oc  perpendicular  to 
AB,  to  cut  SK  in  0,  Then  if  KT  be  the  appear- 
ance of  CM  at  K  in  the  ground  line ;  gc  will  be  its 
appearance  at  0^  by  Prob.  XI.  therefore  c  is  the 
top  of  the  image,  and  therefore  qc  is  the  image  of 
the  perpendicular  required. 

Ex, 
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Ex.  7.  ^'S- 


To  draw  the  reprefentation  of  any  fioaping  line. 
Let  the  foot  of  the  given  line  be  at  P  in  the  geo- 
metrical plane  \  fuppofe  a  line  drawn  from  the  tvjp 
of  this  line  parallel  to  the  vertical  line,  to  cut  the 
geometrical  plane  in  the  point  Q,  and  let  the  length 
of  that  be  CM.  Find  the  reprefentations  of  the 
points  P,  and  Q,  at  p  and  ^,  by  Ex.  i.  Set  off 
MC  from  K  to  B,  in  the  horizontal  line  AB,  and 
draw  SB  from  the  point  of  fight.  Draw  ql  paral- 
lel to  AB,  to  cut  SB  in  / ;  and  draw  qc  parallel  to 
SH  and  equal  to  ql,  then  c  is  the  image  of  the  top 
of  the  line.  Therefore  draw  cp^  and  it  will  be  the 
image  of  the  given  fioaping  line  drawn  to  P.  For 
it  is  evident  by  the  procefs  in  Ex.  5,  that  cq  is  the 
reprefentation  of  the  line  CM,  drawn  to  Q.  There- 
fore cp  is  the  image  of  the  given  line. 

By  the  help  of  this  example  any  folid  may  be 
drawn  upon  an  inclined  pidiure ;  by  drawing  all  the 
out  lines  thereof,  and  joining  their  tops  by  right 
lines,  as  thofe  in  the  folid  are  drawn.  But  it  is  beft 
to  draw  all  the  parts  in  feparate  papers. 

.    Ex.  8. 

To  draw  an  oblique  parallelopipedon,  whofe  axis  74« 
is  parallel  to  the  vertical  line,  and  one  face  parallel 
to  the  pidlure,  and  the  bafe  a  fquare. 

Let  AB  be  the  ground  line,  S  the  point  of  fight, 
D  the  point  of  diftance.  Let  the  bafe  of  the  folid 
be  defcribed  in  the  geometrical  plane,  according  to 
the  given  fituation,  as  at  PQLR,  which  is  a  fquare 
bafe.  Dra^v  this  in  perfpedtive,  as  fhewn  in  Ex,  4. 
which  let  be  ^^/r.  This  done,  we  mu ft  proceed  to 
raife  the  heights,  at  the  places />,  q^  /,  r,  as  diredl- 
ed  in  Ex.  5.  thus,  fet  the  length  of  the  axis  or  any 
fide  of  the  parallelopipedon,  from  B  to  C  in  the 
perpendicular  BC ;   draw  the  lines  SB,  SC  •,  then 

SBC 
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Fig.  SBC  is  a  flying  fcale  to  take  ofF  the  altitudes.  Dra# 
74.  r/i  and  pqi  parallel  to  AB,  to  interfed  SB  in 
I  and  2.  Then  draw  13  and  24  parallel  to  BC,  to 
cut  SC  in  3  and  4.  At  p,  q^  r,  /  raife  perpendicu- 
lars to  the  ground  line  AB  ;  and  from  3  and  4 
draw  lines  parallel  to  AB,  to  interfed  thefe  perpen- 
diculars, which  will  determine  the  top  of  the  folido' 
Thus  the  parallel  ^wdc  will  cut  the  perpendiculars  at 
/  and  r  in  the  points  w  and  x  *,  and  the  parallel  4/ 
will  cut  the  perpendiculars  from  p  and  q  m  i  and 
V.  Therefore  joining  the  points  /,  i;,  w,  x  with 
right  iipes,  you  have  the  upper  face  of  the  folid. 
Here  the  lines  pq,  ql,  and  qv^  which  are  hid  frorrl 
the  eye,  are  not  drawn.  In  this  example  all  the 
lines  terminating  the  feveral  planes,  are  either  paral- 
lel to  the  ground  line  AB,  or  tend  to  the  point  of 
fight  S. 

Thus  all  bodies  which  lean  the  fame  way  as  the 
pidlure,  and  incline  as  much,  are  as  eafily  drawn 
in  perfpedlive,  upon  an  inclined  pidure,  as  bodies 
perpendicular  to  the  horizon,  are  upon  an  upright 
pidlure,  and  by  the  very  fame  rules.  But  whert 
they  (land  in  any  other  pofition,  there  is  required 
more  labour  to  draw  them  -,  and  fo  there  is  in  an 
upright  table,  when  the  bodies  are  not  perpendicu- 
lar to  the  horizon  *,  but  the  labour  in  one  cafe  is  no 
greater  than  that  in  the  other  j  and  they  are  both 
done  by  fimilar  methods. 

Ex.  9. 

yj»  To  draw  a  cube  upon  an  inclined  table,  feen 
angle  ways.  Let  AB  be  the  ground  line,  SD  the 
horizontal  line,  S  the  point  of  fight,  and  D  the 
point  of  diftance.  PQLR  is  the  bafe  of  the  cube 
laid  down  on  the  geometrical  plane,  in  the  fitua- 
tion  required.  Let  this  fquare  PQLR  be  drawn 
in  perfpedive,  by  the  method  in  Ex.  4.  and  let  its 
image  be  pqlR  \  p  being  the  image  of  P,  q  of  Q, 

and 
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and  /  that  of  L  \  the  point  R  in  the  ground  line  Fig* 
being  common.  Then  at  the  points/?,  ^,  /,  R,  we,  "j^, 
muft  raife  the  fides  of  the  cube,  which  are  perpen- 
dicular to  the  bafe  in  the  folid,  but  muft  pafs  thro* 
their  accidental  point  in  the  pidture.  Therefore 
find  the  accidental  point  F,  of  lines  perpendicular 
to  the  horizon  as  before.  And  from  F  draw  lines 
thro'  />,  ^,  /,  R.  Then  to  terminate  them  at  the 
top  of  the  cube,  proceed  by  examp.  6 ;  thus. 
Let  CN  be  the  perpendicular  height  of  the  cube, 
draw  MN  perpendicular  to  it,  and  draw  CM,  ma- 
king the  angle  CMN  equal  to  the  angle  which  - 
the  pidure  makes  with  the  horizon.  Then  take 
CM  in  your  compaffes,  and  fet  it  perpendicular  at 
the  points  G,  R,  I,  where  Sp,  S^R,  and  S/,  in- 
terfed  the  ground  line.  Let  thefe  perpendiculars 
reach  to  g^  r,  and  i.  Then  thro'  S  and  thefe  - ' 
points  draw  lines  to  interfed  the  lines  drawn  from 
Fj  that  is,  draw  S^  to  interfed  F/)  in  the  point  i, 
the  top  of  the  fide  f  i .  And  draw  ^r  to  interfe6t 
F^  and  FR  in  2  and  4 ;  then  2  is  the  top  of  the 
fide  ^2  ;  and  4  is  the  top  of  the  fide  R4.  Alfo 
draw  Si  to  interfed  t7  in  3,  the  top  of  the  fide 
l^.  Then  draw  the  lines  12,  23,  34,  41,  for  the 
upper  face  of  the  cube. 

One  may  obferve,  that  fince  the  fides  PR,  RL, 
&c.  make  half  a  right  angle  with  the  ground  line, 
the  point  of  diftance  D,  will  be  the  accidental  point 
of  the  fides  ^^,  R/,  and  alfo  of  their  parallels  12, 
43.  And  for  the  fame  reafon  the  other  point  of 
diftance  will  be  the  accidental  point  of  R;^,  /^,  41, 
32.  And  if  the  cube  was  in  any  other  pofition,  the 
accidental  points  might  be  eafily  found  in  the  ho- 
rizontal line  SD  ;  becaufe  SD  is  the  vaoiftiing  line 
of  the  bafe,  and  top  of  the  cube,  being  both  in  or 
parallel  to  the  geometrical  plane. 

In  all  thefe  examples,  I  have  made  ufe  of  the 
fame  picture,  in  the  fame  pofition,  the  fame  point 

H  of 


^8  PERSPECTIVE. 

Fig.  of  fight  and  point  of  diftance  ;  and  in  general  of 
77.  the  fame  profile  of  the  pidure  as  you  have  in  fig. 
73.  And  in  all  thefe  examples  the  pidure  is  fup- 
pofed  to  lean  backward  ;  but  all  thefe  things  may 
as  eafily  be  done,  if  it  leans  towards  you.  In  that 
cafe,  the  accidental  point  of  lines  perpendicular  to 
the  horizon  will  be  above  the  point  of  fight ;  but 
all  operations  will  be  the  fame.  But  for  variety,  I 
Ihall  give  one  example  where  the  pidure  leans  for- 
wards, 

&.  10. 

^g  To  draw  a  hexagonal  right  prifm,  upon  an  in- 
"  clined  pi6lure.  We  fliall  here  fuppofe  the  pi6ture 
to  lean  as  much  forv/ard,  as  it  before  leaned  back- 
ward, and  that  the  height  of  the  eye  and  the  prin- 
cipal ray,  remain  the  fame.  Let  PQRTVZ  be  the 
hexagonal  bafe  defcribed  upon  the  geometrical  plane, 
AB  the  ground  line,  SD  the  horizontal  line,  S  the 
point  of  fight,  D  the  point  of  diftance.  Draw  Pi, 
Z2,  V3  perpendicular  to  AB,  the  parallel  fides  PQ, 
TV  being  fo.  From  the  point  of  fight  draw  Si, 
S2,  S^  •,  by  m^eans  of  which,  draw  the  bale  PQRTVZ 
in  perfpeclive,  which  let  be  pqrtvz.  Then  to  raife 
the  images  of  the  perpendiculars  at  the  points  p^  q^ 
r,  ^  v^  z,  proceed  thus,  at  the  points  i,  2,  ^,  raife 
the  perpendiculars  16,  27,  ^S^  each  equal  to  the 
flant  line  CM,  in  the  right-angled  triangle  MCN  ; 
-where  the  angle  CMN  is  the  inclination  of  the  pic- 
ture, and  CN  the  height  of  the  prifin.  Draw  the 
line  S8  from  the  point  of  fight  S  ;  then  from  v 
and  /  draw  lines  towards  F,  (the  accidental  point 
of  lines  perpendicular  to  the  horizon,)  to  cut  S8 
in  the  points  4  and  5,  then  V4.,  ^5,  reprefent  two  ot 
the  perpendicular  fides  of  the  prifin.  Again, 
draw  the  obfcure  line  Sy  -,  and  from  z  and  r,  draw 
lines  to  F,  to  cut  it  in  0  and  9 ;  then  zo^  r^  will 
be  two  more  fides  of  the  prifm.  Drav/  alfo  the 
obfcure  line  S6  j  and  from^  ^;^^  ^,  draw  lines  to 
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F,  to  cut  S6  in  the  points  n  and  t  -,  then  pn,  qc  are  Fig. 
the  two  other  fides  of  the  prifhi ;  then  joining  ail  yS.. 
thefe  points  by  right  lines,  you  have  the  top  of  the 
prifm  ^^9540.     And  the  planes  being  fliaded,  you 
have  the  true  reprefentation  of  the  prifm  vzfqn^^ 
upon  the  inclined  pidure. 

I  fuppofe  thefe  examples   are  fufficient  to  Hiew 
the  method  of  drawing  upon  inclined  pidures. 

Scholium. 

It  appears  from  the  pradice,  in  all  thefe  exam- 
ples, that  the  image  of  any  original  figure  in  the 
geometrical  plane,  will  fall  exadly  in  the  fame 
place  of  the  picture,  v^hether  the  pidlure  lean  for- 
ward or  backward,  or  be  upright  ^  provided  the 
principal  ray,  the  length  of  the  picture,  and  dif- 
tance  of  the  objed  from  the  ground  line  remains 
the  fame.  But  in  objeds  elevated  above  the  geo- 
metrical plane,  the  cafe  is  otherv/ife ;  and  they  will 
have  a  different  appearance  according  to  the  diffe- 
rent pofition  of  the  pi6ture.  The  principal  ufe  of 
drawing  upon  inclined  pictures,  is  for  painting  any 
images  upon  the  cielin^  of  a  room,  or  on  any 
vaulted  roof,  or  on  the  cupola  of  a  church,  &c. 
where  the  furface  to  be  painted  on,  is  in  an  ob- 
lique pofition. 

As  to  the  fhadows  of  bodies ;  the  rules  are  the 
fame  as  in  upright  pidures  -,  only  inflead  of  lines 
perpendicular  to  the  horizon  we  muil  ufe  lines  pa- 
rallel to  the  vertical  line ;  and  for  lines  perpendi- 
cular to  the  pidure,  make  ufe  of  lines  parallel  to 
the  line  of  ftation  or  to  the  principal  ray.  In  dif- 
ficult cafes,  the  progrefs  of  the  fhadow  may  be 
traced  out  as  it  falls  upon  any  planes,  or  upon  any 
bodies,  that  are  in  its  way ;  which  is  eafily  done 
from  the  fituation  of  the  light.  And  then  thefe 
fhadows,  or  parts  of  fhadows,  muft  be  taken  for 
H  2  real 
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Fig,  real  obieds,    and  fo  drawn   in  perfpe6tive  by  the 
common  rules. 

P  R  O  B.      XXVIII. 

To  draw  the  pi^lure  of  any  ohje£l  mechanically. 

This  may   conveniently  be  done  by  help  of  a 
candle  or  lamp.     Let  the  objed:  be  placed  near  a 
wall,  and  a  light,  fuch  as  a  candle  or  lamp,  placed 
at  a  good  diftance  from  it,  or  the  fun's  light  may 
be  made  ufe  of;  let  this  light  project  the  fhadow  of 
the  given  objed  upon  the  wall  behind  it  in  lines 
nearly  perpendicular  to  the  wall.  Then  the  fhadow  of 
the  body  would  fhew  the  appearance  of  the  body  to 
an  eye  placed  where  the  light  is,  if  the  body  was  re- 
moved, and  the  Ihadow  remained  there.  Therefore 
we  mull:  trace  out  all  the  out-lines  of  the  Ihadow, 
v/ith  a  pencil,  upon  the  wall ;  which  is  very  eafy 
to  do  where  they  appear ;  but  where  the  ihadow  of 
any  part  is  intercepted  by  fome  other  part  •,  there 
will  be  fome  trouble.     To  find  the  fhadow  of  any 
point,  fo  placed  as  that  its  fliadow  cannot  fall  upon 
the  wall ;  take  a  flender  rod,  and  put  one  end  of 
it  to  touch  that  point ;  and  fallen  the  rod  there  by 
fome   means  or  other;  then  removing  the  body, 
whilft  the  red  remains  fixed ;  the  fhadow  of  the 
end  of  the  rod  will  fhew  the  place  where  the  fha- 
dow of  that  point  of  the   body  would  fall.     Then 
replacing  the  body,  you  may  proceed  thus  with  any 
other  point  of  the  body,  or  as  many  points  as  you 
wilL     If  any  line  in  the  objedl  is  hindered  from 
cafting  its  fhadow  upon  the  wall ;  the  place  of  the 
lliadow  w\\\  be  found  in  like  manner ;  lay  a  flender 
rod  clofe  to  the  line,  and  mark  the  length  with 
chalk  ;  then  remove  the  body,  and  where  the  fha- 
dow of  that  part  of  the  rod,  which  you   marked, 
falls  upon  the  wall  j  there  is  the  fhadow  of  that 

line 
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line  in  the  objedt.     And  thus  any  lines  in  it  may  Fig. 
be  drawn. 

Or  the  ihadows  of  thefe  points  and  lines  may  be 
found  thus,  take  two  firings  and  extend  them  erofs 
one  another ;  fo  that  the  Ihadow  of  their  interfec- 
tion  may  fall  on  the  given  point  of  the  object. 
Then  if  the  body  be  removed,  the  fliadow  of  the 
interfe6lion  of  the  firings,  will  fall  upon  that  point 
of  the  wall  where  the  fhadov/  of  the  given  point 
of  the  body  would  fall.     In  like  manner  extend  a 
fingle  firing,  fo  that  a  knot  in  it  may  fall  upon  the 
given  point  of  the  body,  and  fixing  it  there,  re- 
move the  body,  and  the  knot  will  cafl  its  fliadow, 
where  the  fhadow  of  the  given  point  of  the  objed: 
would  fall  upon  the  wall.     Alio  extend  a  firing,  fo 
that  its  fhadow  may  fall  upon  any  line  in  the  body 
which  we  want  to  defcribe ;  and  mark  the  length 
on  the  firing,  by  tying  two  knots,  or  any  other 
way.     Then  removing  the  body,  that  part  of  the 
firing  will  cafl  a  fhadow  upon  the  wall,  where  the 
fhadow  of  the  line  in  the  objedl  would  fall.     Other 
methods  may  be  contrived,  to  get  the  fhadows  of 
fuch  points,  as  are  hindered  from  falling  on  the 
wall.     And  fome  fuch  method  may  be  contrived 
without  removing  the  body,  and  being  at  the  trou« 
ble  to  place  it  again.    It  may  be  thus,  if  your  crofs 
firings  are  long  enough  to  cafl  their  fhadovv^s  upon 
the  wall,  on   every  fide  of  the  body,  whilil  their 
interfedlion  calls  its  fhadow  upon  the  given  point 
of  the  objed  •,  continue  thefe  fliadows  behind  the 
body,  upon  the  wall,  till  they  interfed  •,  and  it  is 
evident,  the  point  of  interfedion  will  be  the  place 
where  the  fhadow  of  the  given  point,  of  the  body 
will  fall.     And  thus  you  may  find  the  fliadows  of 
as  many  points  as  you  will,  and  confequently  of  as 
many  hnes  as  you  will,  without  flirring  the  body. 

Inflead  of  a  light,  the  eye  may  be  ufedj  keep- 
ing it  fixed  in  the  place  where  the  light  Ihould  be«. 
H  3  For 
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Fi^.  For  the  eye  will  projed  any  point  of  the  objed 
iipon  the   oppofite  wall,  which   may  be  marked 
there  by  help  of  an  afliftant  \  and  thus  one  part  af- 
ter another,  and  fo  the  whole  body,  may  be  pro- 
je6ted  upon  the  wall.     Alfo  if  one  end  of  a  firing 
be  fixed   where  the  light  Ihould   be,  and  taking 
hold  of  the  other  end,  and  drawing  it  ftreight ;  if 
the  ilring  be  made  to  pafs  along  the  out-lines  of 
the  objeS,  the  end  of  the  ftring,  by   help   of  a 
pencil,  may  be  made  to  defcribe  the  figure  thereof 
upon  the  wall.     And  th\is  by  means  of  the  ftring, 
the  image  of  the  body  will  be  proje6ted  upon  the 
wail,  the  fame  as  by  the  ihadow. 

Otherwife, 

79.  To  delineate  any  obje<5l ;  make  a  fquare  frame 
DE  ;  divide  the  fpace  into  fmall  fquares,  by  threads 
fixed  to  the  fides,  parallel  to  one  another  and  to  the 
fides  of  the  frame,  and  at  equal  diftances.  Set  up 
a  ftand  FH,  upon  the  bafe  FG  •,  this  muft  have  a 
fmall  hole  at  H  to  look  thro  ;  it  is  fixed  in  the 
bafe,  parallel  to  the  frame  DE.  Alfo  let  the  pa- 
per on  which  the  draught  is  to  be  made,  be  divid- 
ed into  the  like  fmall  fquares.  Then  placing  the 
objedl  beyond  the  frame  in  a  proper  fituation  ;  look 
at  all  the  parts  thereof  fucceinvely  thro'  the  hole  j 
and  obferve  in  what  fquares  the  feveral  parts  ap- 
pear, and  put  them  into  the  correfpondent  fquares 
in  your  paper ;  fo  at  laft  you  will  have  the  pidture 
of  the  whole  object  on  your  paper.  Thefe  fquares 
may  be  drav/n  in  black  lead,  and  rubbed  out  af- 
terwards. 

There  are  alfo  inftrum.ents  contrived,  by  the 
help  of  which  one  may  draw  the  appearance  of  any 
object  •,  but  the  conftruftion  of  them  is  difficult, 
and  therefore  I  fhall  fay  no  more  about  them. 

What  is  here  faid  of  the  projecting  the  image  of 
^  body  upon  a  wall  or  any  plane  furface,  is  eafily 

applicable 
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applkable  to  any  curve  furface.  For  wherever  the  Fig. 
(hadow  of  any  point  falls  by  the  light,  there  will 
be  the  image  of  that  point  And  likewife  where 
the  fliadovv  of  any  line  falls  upon  the  curve  fur- 
face,  there  will  be  the  image  of  that  line ;  for  it 
will  be  where  the  plane  pafTing  thro'  the  luminous 
point  and  that  line,  cuts  the  curve  furface.  And 
the  cafe  is  the  fame,  if  the  figure  is  projedled 
upon  that  curve  furface,  by  rays  drawn  from  the 
eye,  placed  where  the  light  was. 

P  R  O  B.      XXIX. 

'To  draw  a  deformed  or  monfirous  fi£lure  upon  a 
plane^  which  Jhall  appear  regular ^  from  a  certain 
point, 

Make^a  fquare  ABCD,  and  divide  the  fides  in-  So. 
to  as  many  equal  parts  as  you  will ;  and  draw  lines  81. 
thro'  all  the  points  of  divifion,  parallel  to  the  fides ; 
thefe  lines  will  divide  the  great  fquare  into  a  num- 
ber of  little  fquares.     In  this  fquare  draw  the  fi- 
gure true  which  you  want  to  appear  deformed. 

Again  draw  any  line  ah^  which  divide  into  as 
many  equal  parts  as  AB  is  divided  into.  From  the 
middle  point  e^  draw  the  line  ^V  perpendicular  to 
ah^  and  VS  perpendicular  to  ^V.  Alfo  draw  the 
lines  ^V,  ^V,  ^V,  Z'V,  thro'  the  equal  divifions 
g,  h^  &c.  Alfo  draw  ^S,  and  where  it  cuts  the 
former  lines  drawn  to  V,  draw  lines  parallel  to  aby 
then  abed  is  a  deformed  fquare,  and  all  the  fmall 
fpaces  reprefent  the  correfpondent  little  fquares  in 
the  great  one  ABCD.  Therefore  in  all  the  celh 
or  little  fquares  of  abcd^  draw  the  fame  part  of 
the  figure  as  you  find  in  the  correfpondent  cells  of 
ABCD  •,  fo  you  have  the  deformed  image  requir- 
ed. Then  fuppofe  VS  to  ftand  perpendicular  to 
the  plane  abed,  if  the  figure  be  viewed  by  the  eye     ' 

H  4  at 
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Fig.  at  S,  it  will  appear  in  its  true  fhape,  as  you  have 

80.  it   in  ABCD.     But  from    any  other  point  it  will 

81.  appear  more  or  lefs  deformed.  And  if  the  fide  dc 
was  equal  to  the  fide  DC,  the  figure  would  ap- 
pear equally  large,  as  that  in  ABCD  would  do, 
feen  at  the  diftance  Sd. 

For  if  a  fquare  whofe  fide  is  dc  be  ere6ted  upon 
ir,  and  as  many  parallel  lines  drawn  in  it-,  and  if 
SV  be  erefted  perpendicular  to  the  plane  dVb ; 
then  the  firft  parallel  line  in  the  fquare  will  be 
projected  into  the  hne  1 1,  by  the  eye  at  S  -,  and 
the  fecond  parallel  line  into  22,  the  third  into  '^'^^ 
and  the  lail  or  top  of  the  fquare  into  ab  \  and  the 
diagonal  of  the  fquare  would  be  projected  into  db, 
Confequently  all  the  little  fquares  would  be  pro- 
jeded  into  the  correfpondent  cells  in  the  fpace  abed. 
On  the  contrary,  if  the  deformed  figure  abed  be 
given  to  be  drawn  in  perfpedive,  its  image  will  be 
the  faid  fquare  Handing  upon  de^  and  all  the  little 
fquares  therein  will  be  images  of  the  refpe(5live  cells 
in  the  figure  abed.  And  whatever  is  defcribed  in 
thefe  cells,  will  appear  in  the  little  fquares ;  and 
therefore  tne  deformed  pi6lure  drawn  in  the  fpace 
abed  will  be  a  regular  pi6lure  in  the  fquare  ^  that 
is,  it  will  appear  a  regular  head,  feen  from  the 
point  S  in  the  air  \  but  from  any  other  point,  the 
parts  v/iil  appear  to  have  different  proportions,  and 
therefore  will  be  in  fome  mxafure  deformed. 

This  problem  m.ay  be  folved  mechanically,  by 
holding  a  candle  at  S  in  the  air,  and  tracing  out 
the  fhadow  of  the  objed  (as  the  head  here  defcrib- 
edj  upon  the  plane  furface  given  abcd^  which  may 
as  eaiily  be  done  upon  a  curve  furface.  But  it  is 
better  if  the  candle  fhine  thro'  a  fmall  hole,  made 
in  a  plate  fet  at  S,  The  fun's  light  may  alfo  be 
made  ufe  of  for  drawing  either  the  original,  or  the 
deformed  pi6lure  ;  which  will  be  more  or  lefs  fo, 

accord' 
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according  to  the  obliquity  of  the  plane,  it  is  to  be  Fig. 
drawn  on.  8o. 

And  by  a  like  method,  a  deformed  figure  may  8i- 
be  drawn  upon  the  furface  of  a  cone,  or  any  jR)- 
lid  ;  which  will  appear  regular  from  a  certain  point 
of  the  axis. 

Cor.  I .  Hence ^  the  trapezium  ahcd  is  the  fhadow 
of  the  ferpendicular  fquare  whofe  fide  is  dc,  ,  And 
every  particular  cell  is  the  Jhadow  of  the  correfpon* 
dent  fmall  fquare  in  the  upright  one* 

For  the  ihadow  of  any  point  of  the  fquare  Hand- 
ing on  dc^  is  where  the  line  drawn  from  the  lumi- 
nous point  S,  cuts  the  plane  Nah.     And  the  fha- 
dow of  any  line  in  the  fquare;,  will  be  where  the 
plane  paffing  thro'  that  line  and  the  luminous  point, 
cuts  the  faid  plane.     Therefore  the  fhadow  of  the 
top  of  the  fquare,  is  the  line  ah ;  the  fhadow  of  ■■ 
one  fide  is  ad^  and  that  of  the  other  fide  of  the 
fquare  is   he  \  and  the  bafe  dc  coincides  with  the 
liadow.     And  thus  the  fhadows   of  the  lines  or 
iides  of  any  fmall  fquare,  are  the  lines  that  circum- 
icribe  the  correfponding  trapezium  or  cell.     And 
confequently  the  fpace  contained  in  each  cell,  is 
t^e  fhadow  of  the  correfponding  fmall  fquare. 

Cor.  2.  Hence ^  a  figure  that  appears  rude  and 
irregular^  when  viewed  dire5lly^  will  appear  regular 
and  uniform^  when  viewed  from  a  proper  point. 

For  the  objed  ahcd  looked  at  diredly,  appears 
only  a  long  trapezium  ;  but  to  the  eye  of  a  fpec- 
tator  at  S,  it  appears  a  regular  fquare.  For  the 
fhape  of  the  image  and  all  the  parts  of  it  in  the 
pidure,  to  the  eye ;  is  the  very  fame  as  if  the  rays 
had  come  at  firft  from  that  picture  ftanding  per- 
pendicular upon  dc  \  becaufe  they  come  in  the 
fame  lines  whether  they  come  from  the  pi6lure,  or 
from  the  original.  And  if  the  colours  of  the  fe- 
veral  parts,  and  the  fhadows  be  the  fame  in  both, 

a  perfon 
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Fig.  a  perfon  will  rather  judge  it  to  be  regular  than  de- 

80.  formed;  by  being  more  accuftomed  to  that,  and 

81.  feeming  more  natural. 

Cor.  3.  The  pra5fice  of  making  deformed  ohjeBs 
from  regular  ones,  is  no  more  than  the  inverfe  method 
of  fer[pe5live. 

For  in  the  diredt  method  of  perfpe6live,  the  tra- 
pezium abed,  lying  on  the  geometrical  plane  is 
projeded  into  a  fquare  upon  the  line  dc,  to  the 
eye  at  S,  in  the  air.  So  on  the  contrary,  a  fquare 
in  the  pi6lure  is  projected  into  the  deformed  image 
abed,  on  the  ground  plane.  In  the  firft  cafe  the 
pidure  is  between  the  eye  and  the  objed  ^  but  in 
the  latter,  they  lie  contrary. 

Scholium. 

Since  fhadows  are  no  more  than  the  deforma- 
tions of  objects  falling  upon  fome  plane  or  other. 
Therefore  the  drawing  of  the  fhadows  of  bodies 
depends  on  the  fame  rules,  as  finding  their  de- 
formations. The  rays  of  light  palTing  by  the  out^ 
lines  of  a  body  projed  their  fhadows  upon  thefi 
planes  ;  and  the  places  where  they  fall  will  be 
found,  by  having  the  pofition  of  the  light,  and 
the  fhape  of  the  body.  Therefore  the  prad:ice  of 
thefe  things  depends  upon  fome  or  other  of  tlie 
rules  before  laid  down. 

P  R  O  B.      XXX. 

Tofhew  the  ufes  of  perfpe5five  in  drawing. 

The  rules  of  perfpeftive  before  laid  down,  arc 
employed  either  in  reprefenting  figures  that  lye  in 
the  geometrical  plane,  or  objeds  that  are  elevated 
above  that  plane  •,  and  all  objects  whatever  are  ei- 
ther one  or  the  other  of  thefe ;  and  therefore  the 

foregoing 
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foregoing  rules  are  fufficient  for  defcribing  any  ob-  Fig. 
jeds,  and  ought  to  be  followed   when  we  want 
any  objedis  to  be  drawn  perfectly  exadt,  and   ma- 
thematically true.     And  this  is  the  beft  m.ethod 
when  there' are  only  right  lined  objeds  concerned, 
and  but  a  few  of  them.     But  there  are  numerous 
objefls  that  cannot  be  drawn  this  way,    fuch  as 
mountains,  trees,  fhips,  &c.  In  fuch  cafes  all  we 
can  do  is  to  get  a  few  of  the  principal  points  of 
fuch  objecls,  truly  laid  down  -,  for  to  get  all  the 
points,  is  impoiTible,  efpecially  where  curve  lines 
are  concerned,  and  the  figures   are  irregular  ♦,  but 
the  reft  of  the  work  is  to  be  done  by  hand.     For 
the  art  of  perfpedive  only  lays  down  geometrical 
rules  for  finding  the  images  of  certain  points,  but 
as  the  number  of  points  in  any  objed  is  infinite, 
the  work  would  be  infinite  ;  except  in  their  fingle 
cafe,  where  the  points  in  the  objed  happen  to  be 
conneded   by  right   lines  -,  for  then  they   will  be 
right   lines  in  the  drawing,  but  in  no  other  cale ; 
and  therefore  our  only  refuge  is  drawing  by  hand. 
Then  to  gain  a  dexterity  and  exadnefs  at  draw- 
ing by  hand ;  the  beft  way    is,  firft  to  draw  fome 
plain  and  f;mple  objeds   in  perfpedive,  and  then 
try  to  imitate  them   by  hand  ;  and  where  you  find 
any  fault,  rub  it  out,  or  elfe  throw  them^  away, 
and  do  them  over  again  ;  ftill    endeavouring,  ta 
mend  the  former  faults,  and  to  make  them  more 
exad  •,  which  is  as  eafy  to  do,  aa  learning  to  write. 
When  you  have  fucceeded  pretty  well  with  one 
objed,    take  a  new   one,    and  proceed  the  fame 
way  with  that ;  and  the  like  for  as  many  as  you 
pleafe,  till  you  improve  in  the  art  •,  and  then  you 
may  make  choice  of   more  compounded  objeds 
which  are  harder  to  draw. 

In  objeds  that  are  more  difficult  to  draw,  let 
fome  of  the  principal  lines  be  drawn  by  the  rules 
of  peripedive,  and  finiih  the  reft  by  hand  -,  repeat 

this 
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Fig.  this  feveral  times  till  you  get  them  to  your  mind. 
Afterwards  draw  fewer  of  the  lines  in  perfpedive, 
and  iinifh  the  reft  by  hand.  And  laft  of  all  draw 
none  of  it  in  perfpedive,  but  do  the  whole  by 
hand  ;  and  that  feveral  times  over,  till  it  be  tolera- 
bly exad.  And  thus  by  proceeding  from  eafy  ob- 
jeds  to  thofe  that  are  harder,  you'll  at  laft  ac- 
quire a  habit  of  drawing  truly  and  readily.  But 
it  is  pradice  alone  that  muft  compleat  any  perfon 
in  this  art  of  drawing,  a  multitude  of  rules  fig- 
nifying  little  or  nothing. 

When  a  complicated  figure  is  to  be  drawn,  it 
would  be  a  difficult  thing  to  do  every  fmall  part 
of  it  by  the  rules  of  perfpedive  ;  but  by  inclofmg 
it  in  a  fquare  divided  into  little  fquares,  it  may  be 
done  then  by  a  perfon  Ikilled  in  drawing.  For 
where  curve  furfaces  are  concerned,  the  pradical 
rules  can  only  ferve  to  find  a  few  points  thereof, 
or  fome  right  lines,  that  may  inclofe  it ;  by  which 
means  the  drawer  may  then  defcribe  them  fuffici- 
ently  true. 

From  what  has  been  faid,  any  one  may  fee  that 
it  is  in  vain  to  endeavour,  by  the  pradical  rules  of 
perfpedive,  to  defcribe  the  hollows  or  rifings  of 
objeds,  their  lights  and  (hadows,  or  any  irregular 
turnings  and  windings  thereof.  Thus  the  capitals 
and  ornaments  of  pillars,  cannot  be  defcribed  that 
way,  from  the  multitude  of  lines  required  to  do  it, 
and  would  never  be  exad.  Nor  can  fuch  objeds 
as  have  not  any  determinate  fhape,  be  defcribed  this 
way;  fuch  as  clouds,  hills,  trees,  valleys,  rivers, 
&c.  but  are  far  better  done  by  hand.  For  in  fuch 
as  thefe,  there  is  more  latitude  allowed,  and  one 
can  hardly  miftake  fo  far  as  to  make  them  appear 
monftrous  or  unnatural.  The  turnings  and  wind- 
ings of  rivers,  the  Ihapes  of  trees,  their  branches 
and  leaves  ;  the  limbs  of  animals,  the  features  of 
men  and  v^omen,    the  folds  of  their    garments, 

could 
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could  never  be  performed   by    the  itricc  rules  of  Fig. 
perlpective. 

We  muft  be  content  therefore,  to  apply  the  Art 
of  Perlpedive  to  what  it  is  cirible  of  doing  to  per- 
fe&on ;  and  that  is,  laying  ;  :    -  i  general  draught, 
which  is  to  ferve  for  a  g:: .    1-    :;.:  : :r  our  future 
operations  ;  in  which  : :  r     7   e : : .   j  i :  r  ?   ::  r  i  C: :  -  a- 
tions  of  objeds  are  to     -    ■  i :  2^   1 1 .      1 . :  :   r  r  :  -  e 
finilhing  and  beautifyir.  g   :  7  r     rt  r.  :  :t   .-.::  :d 
the  fldlful  hand  of  the  ^^^c:.     lr.:.zz^  i:  is  ^.,:,it 
uieful  where  it  is  moft  wanted,  and  that   is  in  de- 
fcribing  fuch  objeds  as  are  terminated  by  right  lines, 
cfpecially  perpendicular  ones ;  iuch  as  buildings, 
pieces  of  architedure,  regular  figures,  and  fuch  like  j 
where  a  deviation  fit>m  their  true  fhape  or  politioa 
would  be  very  fenfible.     In  other  cafes,  all  we  can 
do  by  the  mathematical  rules,  is  to  find  a  few  points 
which  ferve  for  a  guide  to  draw  the  reft  by.    Thus 
in  defcrib  ng  a  circle,  we  find  as  many  points  in  it 
by  rule  and  compals,  as  we  think  fuMcient,  and 
then  carry  a  curve  thro'  them  by  hand ;    fb  that 
ftridly  Ipeaking  no  part  of  this  image  is  found  by 
geometrical  rules,  but  thefe  few  points  ;  all  the  reft 
owes  its  being  ari  ex^f—e's  to  the  judgment  and 
hand  of  the  a:::::. 

The  priricipal  ule  then  of  Perijpedive,  is  for  in- 
forming the  judgment ;  for  by  being  accuftomed  to 
draw  objeds  in  perfpedive,  one  may  beucr  know 
which  way  fuch  and  fuch  lines  ftiould  run,  and 
where  they  ftiould  end,  and  to  what  points  they 
ftiould  converge  j  and  fix>m  thence  judge  better 
how  an  objed  fhould  appear,  by  fliewing  the  rela- 
tion between  the  objed  and  its  image ;  and  by  that 
means  direds  the  hand  to  draw  them,  and  the  eye 
to  difcover  any  defed  in  the  drawing,  which  other- 
wife  would  not  be  fcen.  Likewife  when  the  gene- 
ral plan,  and  the  principal  parts  are  laid  down  ex- 
adly  by  rule  •,  the  minuter  parts  will  naturally  com^ 
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JPig.  into  their  proper  places,  and  all  errors  will  then  be" 
eafily  avoided,  and  eafily  redified.  So  that  make- 
ing  ufe  of  the  rules  for  drawing  the  principal  parts, 
wliere  they  caa^onveniently  be  ufed  ;  will  give  the 
pidlure  fuch  a  Ibrm  as  will  guide  the  eye  of  the 
drawer,  in  defcriting  the  other  parts ;  and  direct 
him  to  draw  the  reft,  and  to  finifh  the  draught,  and 
make  it  perfeft  and  complete. 

When  objedls  are  at  a  great  diftance,  the  mag- 
nitude muft  be  diminifhed  in  proportion;  becaufe 
they  appear  under  a  leiTer  angle  than  when  nearer. 
And  in  fhading  them,  the  fhadows  muft  fall  all 
one  way,  that  is  from,  the  fun.  And  in  colouring 
them  which  ought  to  be'  done  at  laft  ;  the  colours 
muft  be  ftronger  near  hand,  and  fainter  further  off; 
till  at  a  great  diftance  they  lofe  themfelves  in  a 
bluifti  mift.  And  in  all  things  you  muft  perform 
the  fame  thing  in  the  picture,  as  you  obferve  with 
your  eye. 

The  bufinefs  of  deftgning^  is  the  work  of  a  maf- 
ter ;  this  is  forming  a  general  idea  of  feme  large 
work,  confifting  of  many  parts,  whofe  relation  and 
connexion,  is  entirely  the  invention  of  the  artift. 
This  may  be  fome  hiftory  piece,  or  contrived  to 
ftiew  fome  great  tranfadtioti-or  event. 

At  firft  the  artift  muft ,  make  only  a  rough 
draught  of  his  defign,  and  in  a  fmall  compafs  : 
this  he  is  to  corre6t  and  mend,  as  he  fees  it  necef- 
fary  ;  and  the  outlines  need  only  be  drawn  in  black 
lead,  to  be  rubbed  out  occafionally.  When  he  has 
fixed  on  the  manner  he  would  have  it  done,  he  may 
draw  it  larger  and  more  compleat.  And  when  he 
has  got  all  the  parts  to  his  fatisfadion,  he  muft  at 
laft  draw  it,  and  all  the  parts  of  it,  according  to 
his  defign,  and  then  prcteed. to  the  colouring  it,  if 
it  is  to  be  painted.  Here  drawing  according  to  a 
defign,  is  a  different  thing  from  drawing  the  pic- 
tures of  objeds,  we  have  before  us.     For  this  pic- 
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ture  or  defign  has  no  objed  but  what  exifts  in  the  Fig. 
ideas  and  mind  of  the  artift.  And  therefore  to 
make  an  elegant  piece,  the  artift  fliould  have  a  good 
invention,  and  be  well  acquainted  with  the  nature 
of  things,  that  he  may  proportion  things  truly,  in 
his  draught ;  and  obferve  that  the  connexion  of 
the  feveral  parts  be  according  to  nature  -,  and  that 
they  be  pleafmg  and  inftrudive.  To  do  this  re- 
quires a  good  genius,  and  a  great  deal  of  pra6tice. 
His  defign  is  formed  entirely  in  his  own  head, 
which  is  to  be  executed  by  the  rules  beforementi- 
oned.  And  this  branch  of  the  art  is  gained  by 
degrees,  firft  by  drawing  pidlures  by  fight;  and 
afterwards  copying  from  good  original  draughts ; 
obferving  to  draw  the  outlines  firft,  and  then  the 
inner  parts,  and  then  to  fhadow  them.  And  laft 
of  all,  they  that  would  become  complete,  muft 
make  themfelves  mafters  of  Perfpe6live. 
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